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1-1. Round off the following numbers to three sigmficant 
figures: (a) 4.65735 m, (b) 55.578 s, (c) 4555 N, (d) 2768 kg. 


a) 4.66 m b)55.6s c) 4.56 kN d)2.77M* Ans 


1-2. Wood has a density of 4.70 slug/ft 3 What is i 
density expressed in SI units? & * 


ltS , r nft 3 )(14S938 kg) 1 = 2 42 Mg/m î Ans 

(4.70 slug/fl )| (0 304 g m )i(l slug)J 


1-3. Represent each of the following quantities in the 
correct Sl form using an appropriate prefix: (a) 0.000431 kg, 
(b) 35.3(10 ? ) N, (c) 0.00532 km. 


a) 0.000431 kg = 0.00043l( 10 J ) g = 0.431g 

b) 35.3( 10 J ) N = 35.3 kN 

c) 0.00532 km = 0.00532 ( 10 3 ) m = 5.32 ra 


Ans 


Ans 


Ans 


♦ 1 - 4 * Repçesent each of the following combinations of 
un ifs in the correct SI form using an appropriate prefix: 
( a ) m?ms, (b) /rkm, (c) ks/mg, and (d) km • /n.N. 


(a) m/ms ; 


(c) ks/mg 


. r_i5_vi 

'(10) 2 m) 

= km/s 

V(10)- 3 s) 1 

. » J 


(10) ‘(10) ! m 

= (10)’ ! m 

* mm 

f (10) ! s ] 

J'(IO)’ s' 

ì= Gs/kg 

l.(10)-‘ kgj 

l ks . 

) 


(d) lan ■ «N = [(10)’ m][(10y 6 n] = (10)' 1 mN = mmN An, 


1 -5. If a car is traveling at 55 mi/h, determine its speed 
in.kilometers per hour and meters per second. 


55 mi/h = - VjjE-) 

V l h Â 1 rai A l ft AlOOOmJ 
~ 88.5 km/h Ans 


Ans 


1-6, Evaluate each of the following and express with an 
appropriate prefix: (a) (430 kg) 2 , (b) (0.002 mg) 2 , and 
(c) (230 m) J . 


(a) (430 kg) 2 = 0.185(10*) kg 2 = 0.185 Mg 2 Ana 

(b) (0.002 mg) 2 = [2(10’*) g] 3 = 4«g 2 Ana 

(c) (230 m) ! = [0.23(10 ! ) m]’ = 0.0122 km ! Ans 


1-7. A rocket has a mass of ZSOOO 3 ) slugs on earth. 
Specify (a) its mass in SI units, and (b) its weight in SI 
units. If the rocket is on the moon, where the acceleration 
due to gravity is g m = 5.30 ft/s 2 , determine to three 
significant figures (c) its weight in SI units, and (d) its 
mass in SI units. 


Using Tible 1-2 ind applying Eq. 1-3, we have 

») 250( 10 3 ) slugs = [250(l0 3 ) slugsJ^ y^ - Ji ) 

= 3.64845( 10 6 ) kg 

= 3.65 Gg Ans 

b) W t = mg = [3.64845 ( 10 6 ) kg ](9.81 m/s 2 ) 

= 35.791 (10‘) kg m/s’ 

= 35.8 MN Ans 


Or 


c) W m = mg m =[250(10 J ) slugs]( 5.30 ft/s 2 ) 

r , 4 . ,/4.4482 N> 

= [1.325(10‘) Ib](—j 

= 5.894(10‘) N = 5.89 MN 

'V'. = W.(y) = (35.791 = 5:89 MN 

d) Since ihe mass is independent of its locadon, then 

'".="•. = 3.65(10*) kg = 3.65 Gg 


Ans 


Ans 


i 








































*l-8. Represent each of the following combinations of 
units in the correct SI form: (a) kN/ju.s, (b) Mg/mN, and 
(c) MN/(kg-ms). 


(a) 

kN//is = 10 5 N/(10' í )s = GN/s 

Ans 

(b) 

Mg/mN = 10 6 g/10” 3 N = Gg/N 

Ans 

(c) 

MN/(kgms) = 10 6 N/kg(10” 3 s) = GN/(kgs) 

Ans 


1-9. The pascal (Pa) is actualiy a very smali unit of 
pressure. To show this, convert 1 Pa = 1 N/m 2 to lb/ft 2 . 
Atmospheric pressure at sea level is 14.7 lb/in 2 . 
How many pascals is this? 


Using Table 1-2, we have 

IN f Hb V0.3048 2 m 2 ) . 

1 Pa= ^U^J[-nH =2a9(10 ) lb/ft A “ 

. atm - 

in 2 ( llb /( 1 ft 2 J/0.3048 2 m 2 J 


> 101.3( 10 5 ) N/m 2 

> 101 kPa 


1-10. What is the weight in newtons of an object that 
has a mass of: (a) 10 kg, (b) 0.5 g, (c) 4.50 Mg? Express 

prefíx SU 110 threC S,gnÌfÌCant figures ' Use an appropriate 


(a) W = (9 81 m/s 2 )(10kg) = 98.1 N Ans 

(b) VV = (9.81 m/s ! ) (0.5 g)(t0' 5 kg/g) « 4.90 mN Ana 

(c) IV = (9.81 m/s J )(4.5 MgJ^IO 5 kg/Mg) = 44. lkN Ana 


1-11. Evaluate each of the following to three significant 
figures and express each answer in Sl units using an 
appropriate prefix: (a) 354 mg(45 km)/(0.035 6 kN), 
(b) (.004 53 Mg)(201 ms), (c) 435 MN/23.2 mm. 


*) (354 mg)(45 km)/0.0356 kN = [ 354 < 1°~ 5 ) gj^SqO 3 ) m] 

0.0356(10 3 ) N 
= O^dO 3 ) g-m 
N 

= 0.447 kgm/N Ans 

b) (0.00453 Mg)(201 ms) =[ 4 .53( 10' 5 ) ( 10 5 ) kg][20! ( 10' 5 ) ,] 

= 0.911 kg-s Ans 

c) 435 MN/23.2 mm = J2ÍÍÌÍLÎL = - tg g G N/m A 

23.2(10- 3 ) m m -‘«•®UN/ra Ana 


Convert each of the following and exoress the 

Sî/m" (bTlft/h t approp / riate prefix: (a > 175Ib /ft 3 îo 

N / ’ (b) 6 ft/h t0 mrn/s > and (c) 835 lb • ft to kN • m. 


{6 ft'\/'0.3048 lh 

(b) *«/!> = ] 

= 0.508(10y 5 m/s = 0.508 mm/s 

/4.4482 NX/0.3048mX 

(c) 835 Ib • ft = (835 Ib - ft)[—J 

= 1.13(10) 5 N m = 1.13 kN m 


Ans 
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1-13. Convert each of the following to three significant 
figures. (a) 20 Ib • ft to N • m, (b) 450 Ib/ft 3 to kN/m 3 , and 
(c) 15 ft/h to mm/s. 


Using TabJe 1-2, we h*ve 


a) 201b.ft= ím N y 3048 m j 


= 27.1 Nm 


b) 450 Ib/fr 


,] _r 450 Ib V4.4482 NV 1 kN V 1 ft 3 ^ 

k ft’ Jl 1 Ib J(l000 N J(0.3048 3 m 3 J 


= 70.7 kN/m J 




W4 '. “ 311 0b i ect has a mass of 40 slugs, determine its 
mass ìn ktIograms. 


40 slugs (14.5938 kg/slug) = 584 kg Ans 


1-15. Water has a density of 1.94 slug/ft\ What is the 
density expressed in SI units? Express the answer to three 
significant figures. 


Using Tiblc 1-2, wc havc 

_r l.94slug VI4.5938 kgV 1 ft 5 A 
l ft 3 Jl 1 slug J(0. 3048 3 m 3 J 
= 999.8 kg/m’= 1.00 Mg/m 3 


♦1-16. Two particles have a mass of 8 kg and 12 kg, f = g hhJhi 
respectively. If they are 800 mm apart, determine the force 

of gravity acting between them. Compare this result with where g = 6.673(10"“) m’/fig.s’) 
the weight of each particle. 


F = 6.673(10 


■.•J8(12)1 = 

L(0.8) 3 J 


10.0(10'*) N = 10.0 nN 


W, = 8(9.81) = 78.5 N 
Wj = 12(9.81) = 118 N 


1-17. Determine the mass of an object that 

has a weight of (a) 20 mN, (b) 150 ÌcN, (c) 60 MN. Express 

the answer to three signifîcant figures. 


Applying Eq. 1 - 3, we have 


W 20(10-’) kg m/s J 

4) w= i = ï» =2 04g Ans 


W 150Í10 3 ) kg.ni/s 1 )t , w 
b) m = 7 = 9.8l'm/s 3 - 153 MB A< “ 


W 60(10*) kg m/s 3 

c ) m = _ = _2-_£-= 6.12Gg Ans 

' g 9.81 m/s 3 
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1-18. If a man vveighs 155 lb on earth, specify (a) his 
mass in slugs, (b) his mass in kilograms, and (c) his 
weight in newtons. If the man is on the moon, where 
the acceleration due to gravity is g m = 5.30 ft/s 2 , 
determine (d) his weight in pounds, and (e) his mass in 
kilograms. 


(a) m = = 4.81 slug 


(b) m = 


,r 14.5938 kg] 

= 1SS [~ " 322 " J = 70 -2 kg Ans 


(c) W = 155 (4.4482) = 689 N 


(e) m = 155 




1-19. Using the base units of the SI system, show that 
Eq. 1-2 is a dimensionally homogeneous equation which 
gives F in newtons. Determine to three significant figures 
the gravitational force acting between two spheres that 
are touching each other.The mass of each sphere is 200 ke 
and the radius is 300 mm. 


Using Eq. 1 -2. 


14.5938 kgl 

= L 530— J = 102 ** 


F=G^ 


N-f-í-V5«J2ì. 

(kg-s 2 JV m J ) 




(Q.E.D.) 


- 66.73 ( ,0-)f»>] 
= 7.4l(l0-‘) N = 7.4 IiìN 


figures and a ' U e a xpre a ss h elcÎ' «r" 8 ^ ÎrumÍ'using (,) ^ 860 ^ «32 m 

(b) (a) (0 - 631 kg)í 1 

“ 8 S 3 (l° 3 ) ,D V = 8. J 31an / kg 2 A n» 








5 




2-5. Resolve the force Fj into components acting aiong 
the u and v axes and determine the magnitudes of the 
components. 



*•-*** Ani 
—300 

sm3o ° sns 

Fl ’ = 160 N A« 


h\t \ - •* Fi - 3 oon 


2-6. Resolve the force F 2 into components acting along 
the u and v axes and determine the magnitudes of the 
components. 


*iu = 500 

sin45° sin 70° 

F iu = 376 N Ans 

F i, _ 500 

sin65° sin 70° 

F 2 , = 482 N Ans 


Fi-sooh \ 
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*2-8. Determine the angle 9 for connecting member A 
to the plate so that the resultant force of F A and F„ is 
directed horizontally to the right. Also, what is the 
magnitude of the resultant force. 



Paralltlogram Law : The pafaUetogram Uw of addition is shown in 

Fig.(a). 


Trigonometry : Using law of sines [Fig. (b)], we have 

sin (90° -8) _ sin 50° 

6 8 
sin (90° - 0) = 0.5745 


■qo'-e 


B = 54.93° = 54.9° 


Ftom thetríangle, 0 = 180°-(90°-54.93°)-50° = 94.93°. Thus, using 
law of cosines, the magnitude of F 4 is 


Fg - i/8 2 + 6 1 - 2(8) (6) cos 94.93° 
= 10.4 kN 


6w/VV w 

/fqo’-B 5o /\ 


2-9. The vertical force F acts downward at A on the two- 
membered frame. Determine the magnitudes of the two 
components of F directed along the axes of AB and AC. 
Set F = 500 N. 


Paralltlogram Law : The parallelogram law of addiúon is shown in 
Fig. (a). 

Trigonomttry : Using law of sines [Fig.(b)], we have 

_^£_ c J0O_ 
sin 60° sin 75° 

F Aa = 448 N Ans 

Fac _ 500 
sin 45° sin 75° 



45’v. '-yo 




F 

■ _ 


F ac - 366 N 
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2-10. Solve Prob. 2-9 with F = 350 Ib. 


Parallelogram Law: The parallelogram law of addìtion is shown i 
Fig. (a). 

Trigonometry: Using law of sines (Fig. (b)j, w'e have 

Fab = 350 
sin 60° sin 75° 

r A a =314 Ib Ans 

F ac = 350 
sin 45° sin 75° 

Fac = 256 lb Ans 



/^* >• 


<]75" 

\ 60° 
F.,r 'C 


2-11. The force acting on the gear tooth is F = 20 Ib. 
Resolve this force into two componenns acting along the 
lines aa and bb. 


20 _ F„ 

sin40° sin 80° ’ 

20 = F„ 

sin 40° sin 60" ’ 


F a = 30.6 Ib Ans 

F h = 26.9 Ib Ans 




*2-12. The component of force F acting along iine aa 
is require to be 30 !b. Determine the magnitude of F and 
its component along line bb. 


30 

F 

17 _ 

sin 80° 

sin 40° ’ 

/ — 

30 

F h 

F. — 

sin 80° 

sin 60° 

• b — 


F = 19.6 lb Ans 


F h = 26.4 Ib Ans 




8 
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2-13. The 500-lb force acting on the frame is to be 
resolved into two components acting along the axis of the 
struts AB and AC. lf the component of force along AC 
is required to be 300 Ib, directed from A to C, determine 
the magnitude of force acting along A B and the angle 0 
of the 500-Ib force. 


Parallelogram Law: The parallelagram law of addition is shown in 
Hig. (a). 

Trigonometry: Using law of sines (Fig. (b)|. we have 

sin0 sin75° 

1ÔÔT “ 500 

sin 0 = 0.5796 

0 = 35.42° Ans 


Thus, 

45° + 0 + 75° + 35.42° = 180° 



0 = 24.58° = 24.6° 


F,\ b _ 500 

sin(45° + 24.58°) sin 75° 


Fab — 485 lb Ans 


2-14. The post is to be pulled out of the ground using 
two ropes A and B. Rope A is subjected to a force of 
600 lb and is dtrected at 60° from the horizontal. If the 
resultant force acting on the post is to be 1200 lb, verti- 
cally upward, determine the force T in rope B and the 
corresponding angle 0. 



T = v /(600) 2 + (1200)- - 2(600)( 1200) cos 30° 


T = 743.59 Ib = 744 Ib 


Ans 


sin 0 sin 30° 
6ÔÔ “ 743.59’ 


0 = 23.8° 


Ans 


1200 Ib 
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2-15. Determine the design angle 6 (0°*s 6 =s 90°) for 
strut AB so that the 400-lb horizonta! force has a 
component of 500-lb directed from A towards C. What is 
the component of force acting along member ABl Take 
<t> = 40°. 


Paralltlogram Law : Thc panlldogram law of addieion ia shown in 

Fig.(a). 

Trigonomttry : Using !aw of sines [Fig. (b)], we have 

sin 6 _ sin 40° 

1ÔÔ “ 400 
sin S = 0.8035 

9 = 53.46° = 53.5° Ans 

Thus, # = 180°-40° - 53.46° = 86.54° 

Using !aw of sines [Fig.(b)J 

F*. _ 400 

sin 86.54° sin 40° 

* 621 lb Ans 


*2-16. Determine the design angle 4> (0°« 4> s 90°) 
between struts AB and AC so that the 400-Ib horizontal 
force has a component of 600-lb which acts up to the left, 
in the same direction as from B towards /I.Take 0 = 30°. 


Paralltlogram Law : The paraUelogram law of addinon is shown in 
Fig.(a). 

Trigonomttry : Using law of eosines [Fig. (b)], we have 

F^c = ^400*+600* -2(400) (600) cos 30° = 322.97 lb 

Theangle^ can bedetermined using law ofsines[Fig.(b)]. 

sin 0 sin 30° 

400 = 322.97 
sin p = 0.6193 



# = 38.3° 


Ans 
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2-17. The chisel exerts a foree of 20 lb on the vvood 
dowel rod which is turning in a lathe. Resolve this force 
into components acting (a) along the n and y axes and (b) 
along the .r and t ítxes. 


r, _ 20 

sin 45° sin 60° 

F v = 16.3 Ib Ans 



-F„ _ 20 

sin75" sin60° 

F„ = -22.3 lb Ans 

F, _ 20 

sin 15° sin 120° 

F, = 5.98 Ib Ans 

F x _20_ 

sin 45° sín 120° 

F x = 16.3 lb Ans 




2-18. Two forces are applied at the end of a screw eye 
in order to remove the post. Determine the angle 9(0° < 
$ < 90°) and the magnitude of force F so that the resultant 
force acting on the post is directed verticaliy upward and 
has a magnitude of 750 N. 


Parallelogram Law: The parallelogram law of addition is shown in 


Fig. (a). 


f§ 


Trígonometry: Using law of sines (Big. (b)], we have 


1 • 

sin 0 

sin 30' 

. 


750 

500 


■Jteiíi! 

sin0 = 

0.750 




0 = 131.41° (By observ'ation.0 > 80°) 

Thus, 

0 = 180° - 30" - 131.41° = 18.59" = 18.6" Ans 

F _ 500 
sin 18.59° “ sin 30° 






^ 1 . 9 ' , 11/71 = f 2 ~ 30 Ib, determine the angles 0 and 6 
so that the resultant force is directed along the oositive 
x axis and has a magnitude of F R = 20 Ib. 



30 _ _3£ 

sin 1> ~ sinB 


00)1 = + (2 ° )2 ~ 2(30)(20)co S e 

</> = B = 70.5° A 



*2-20. The truck is to be towed using two ropes. 
Determine the magnitude of forces F/i and F s acting on 
each rope in order to develop a resultant force of 950 N 
directed along the positive x axis. Set 8 = 50°. 


ParaiUlogram Law : The parallelogram law of addiúon is $hown in 

Fig.(a). 

Trigonometrj ; Using law of sines (Fig. (b)], we have 



HO' ' 


A) 


sin 50° sin 110° 


F b _ 9S0 

sin 20° sin 110° 

F, =346N 


150 rJ 

(W 


12 





13 



2-23. Deterraine the magnitude and direction of the 
resultant F s = Fi + F 2 + F 3 of the three forces by first 
finding the resultant F' = F 2 + F 3 and then forming 
F/i = F' + F[. 


F != 30 N 



F 2 = 20 N 


f 3 = 50 N 


F = /(20)2 + ( 50)2 _ 2(20)(50) cos70“ = 47.07 N 


siníT sin70° 


Fr = /(47.07)2 + (30)2 _ 2(47.07)(30) cos 13.34« = 19.18 = 19.2 N Ans 



sin 13.34° sin ip’ v 

e = 23.53° - 21.15° = 2.37° 'î» Ans 


r ^ ? ‘ts*-W.»°-(ío°-3U7*) 

Fl * Z 7 


1 F - +7.o?n 




F x = 50 cos45° = 35.4 lb 


F v = 50 sin45° = 35.4 lb 



F x _ 50 

sinl5° sinl20° 

F x = 14.9 lb 


sin45° sin 120° 


F v - = 40.8 lb 


SoUA Fy' 
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2-25. The log is being towed by two tractors A and B. 
Determine the magnitude of the two towing forces Fa 
and F/j if it is required that the resultant force have a 
magnitude F K = 10 kN and be directed along the x axis. 
Set 6 = 15°. 



Parallelogram Law: The parallelogram law ot' uddition is shown in 
Fìg. (aí. 

Trigonometry: Using law of sines IFig. (b)], we have 

Fa _ 10 

sinI5" sin 135' 

/ , = 3.66 kN Ans 

F B = 10 

sin 30" sìn 135" 

Fb = 7.07 kN Ans 



2-26. If the resultant ¥ K of the two forces acting on 
the log is to be directed along the positive x axis and 
have a magnitude of 10 kN, determine the angle 0 of the 
cable, attached to B such that the foree F fl in this cable 
is minimum. What is the magnitude of the force in each 
cable for this situation? 



Parallelogram Law: In order to produce a minimum force F«. F« h;is 
to act perpendicular to F A . The parallelogram law of addition is shown 
in Fig. (a). 

Trigonometry: Fig. (b). 

F b = ÌOsin 30° = 5.00 kN Ans 
F a = 10 cos 30° = 8.66 kN Ans 




The angle 0 is 


0 = 90° - 30° = 60.0° 




Dete'rmine rMgnjtudesof forceTp^ and F W actj ha ' nS 
dfrectecTalone^the" 3 reSU,tant for “ °f 60 ) N 

uirectea along the positive y axis. Set 8 = 45°. 


f a 600 

•io4J* sin 103*' N Am 


m 600 

*in 30* " sin 10J*' “ 3U N Am 




|w\/ l0s ‘ 



> axis, determine th P I rec iea along the positive 

acting on o.ch chain ,„ d SlZlo^í 
the magmtude of F y 0r */# so that 

g uuue ot is a minimum. F„ acts at 10° 
the axis as shown. at 30 from 



Forminimum F,. mquim 
•■«0* An> 

Fa -«00cos 30»-J20N Aog 

fjl • 600 Jm 30* » 300 N An , 



16 
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2-29. Three chains act on the bracket such that they 
create a resultant force having a magnitude of 500 lb. If 
two of the chains are subjected to known forces, as shown, 
determine the orientation 6 of the third chain, measured 
clockwise from the positive x axis, so that the magnitude 
of force F in this chain is a minimum. All forces lie in the 
x-y plane. What is the magnitude of F? Hint: First find 
the resultant of the two known forces. Force Facts in this 
direction. 


Conne law: 


F » “ V30(F + 200» - 2(300)(200)coj60» = 264.6 Ib 


»in(30°+9) jin60° 


Whcn F u directed along F,, , F will be minimum to atuc Ifae rejultant foree. 


=/», +f 
500 = 264.6+ 
F.i. =235 Ib 


-30. Three cables pull on the pipe such that they create 
a resultant force having a magnitude of 900 Ib. If two of 
the cables are subjected to known forces, as shown in the 
figure, determme the direction 8of the third cable so that 
the magmtude of force F in this cable is a minimum. AII 
forces l,e ,n the x-y plane. What is the magnitude of F? 
Hmt: First fmd the resuitant of the two known forces. 


F ' “ VtéOO) 2 + (400F - 2(600)(400) coj 105' = 802.641b 
F = 900 - 802.64 = 97.4 Ib Ane 


sin » _ jin 105° 
600 " 802.64 


: 9 = 46.22° 


8 = 46.22° - 30° = 16.2° Ani 


17 
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2-33. Determine the magnitude of force F so that the 
resultant F« of the three forces is as small as possible. 



Sealar Notation : Suming the foroe components algebraically, we have 




*-«G> 


/>, =20|- | - Fcos 45° 
> I6.0 -0.7071F 


i-T />, =lF r ; />, =2O0-12 + Fsm45” 
= 0.707 lf T 


The magnitude of the tesultant force F, is 


= V (16.0 — 0.7071 F) 1 + (0.7071 F) 1 


= V F 7 - 22.63F+ 256 

U1 

FÌ = /^-22.63^+256 


2/>g=2F- 22.63 

[2] 

( F <PF.dF,dF,\ 

rÌF+dF'lFr 1 

[3J 


In order to obtain the minimum resultant force F,, — » 0. From Eq. [2] 

dF 


. dF„ 

' dF 


F= 11.31 kN = 11.3 lcN 
Substitule F- 11.31 lcN into Eq.[l), we have 

/> =,/ll.3F-22.63(11.31) + 256 = /Ï281cN 


Ans 


Subsútuie F r = /128 kN with ~ = 0 imo Eq.[3] t we have 
dF 




<PF. 


dF 1 


= 0.0884 >0 


F.’iiiï 





_j 


Hcr.cc. F= 11.3 kN is indeed producing a minimum resultant force. 
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2-34. Determine the magnitude of the resultant force 
and its direction, measured counterclockwise from the 
positive x axis. 

y 

1 

-* F R, 

II 

M 

4 

** ~ ~ 625 sin 30° - 750 sin45°= - 162.8 N 

F 3 =750N 


+ tF Sj 

= I.F • 
y ’ 

3 

F * y ~ ""^(850) — 625cos30° + 750cos45° = — 520.9 N 





r » = /(-162.8)2 + (-520.9)2 = 546 N Ans 


w 



<p - tan'‘F _52 °' 9 ] 77fi4° 

) 

^ 



* L-162.8J - 7264 

JtÀF 




9 = 180° + 72.64° = 253° Ans 

F 2 = 625 N 

F, = 850 N 





2-35. Thxee forces act on the bracfeet. Determine the 
magmtude and direction 9 ofF^so that the resultant force 

of d lKN ed a ° nS the p0SIt,ve ' c ' axis and has a magnitude 



F 2 = 450 N 

f 

45° 

= 200 N 
—►——j: 


^ Frx ~ ; 1000 Cos30 ° = 2 °0 + 450 cos45° + F t cos(0 + 30”) 

+ T F * y = ' ~ 1000 sin30 ° = 450 sin45° - F t sin(6 + 30°) 


F > s>n(e + 30°) = 818.198 
F i i cos( 0 + 30°) = 347.827 
0 + 30° = 66.97°, 0=37.0° Ans 

F t = 889 N 


*2-36 If F, - 300 N and 9 = 20°. determine the 
S S of d th d e TCCtÌ ir’ D, r Ured counterciociíwIse from 

on L E eL «1 'he 0„e. tee, ,c,i,g 



F 2 = 450 N 

f 

45° 

Fo =200 N 


->F S , - ZF x ; />„ = 300 cos50° + 200 + 450 cos45°= 711.03 N 

+ î = Z7;; />, = -300 sln50° + 450 sin45° = 88.38 N 

F * = /0/11.03)2 + (88.38)2 = 717 N A ib 


í (angle from x axis) = tiur'F— 
L7ll 

f>' = 7.10° 

4 (angle from r' axis) = 30° + 7 . 10 ' 
= 37.1° Ans 


88.38 1 

Í.711.03J 


20 





f.'f, 7 ;. Determ ' ne the magnitude and direction Bof F, so 
that the resultant force is directed vertically upward ànd 
has a magmtude of 800 N. M 0 


sealar NotaHon : Sunúng «h e foroe componenu aj gebrai<ally , we ^ 

F *. =0=/ísine + 400cos30°-600^J 

fîsin 6 = 133.6 


+ î/i > =Z/J; />,-800 = /5cos 0+4OOsin3O° + 6Oof- 


/j cos 8 = 240 


Solving Eq. [ 1 J and [2] yields 

e = 291 ° F i - 275 N 



[1] 

0 

- ( oCo a/ 
- 


'9 

ï 2 * 

(!) 

í 

1 

l 

! X 

\ 

í &-400* 

f) 

L-- í 

[2] 

7 - 


P^- ' v f - 

fïa 


' fi -&oo 


21 
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*2-40. Determine the magnitude of the resuitant force 
and its direction measured counterclockwise from the 
positive x axis. 


-*F U = ZF ,; F* . -30sin30°--L(26) =-25kN 


■ tF » = h 


'ty * - 30 coj 30 ° + — (26) = -1.981 kN 


F '• * Á-2S) 1 + (-1.981) 3 = 25.1 


kN Ana 




S * J80° + 4.53° . 18J» a. 


2 - 41 . Solve Prob. 2-1 by summing the rectangular or 
x, y components of the forces to obtain the resultant force. 



F, = 30 kN 


rw“ 


t 5* l<fj 



-* F fx - 2F„ ; F kx = 600cos45° - 800sin60° = - 268.556 N 

+ = ZFy-. F Ky = 600sin45° + 800cos60° = 824.264N 

*,t = /(824.264) 2 + (-268.556)2 = 866.91 = 867 N Ans 


e=180 °- tan-'(i^) 

268.556' 


= 180° - 71.95° = 108° 


23 
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2-42. Solve Prob. 2-22 by summing the rectangular or 
x, y components of the forces to obtain the resuitant force. 


F/ = F u + F u = — 30(—) - 20(sin20°) = -30.8404 

F y ' = F íy + F ly = 30(|) - 20(cos20°) = -0.79385 

F Rl . = F/ + F y „ = -30.8404 + 50 = 19.1596 

F„ y = F y ' + F yy = -0.79385 + 0 = -0.79385 

F„ = /(19.1596)2 + (—0.79385) 2 = 19.2 N Ans 


9 = tan_1( l^W ) = - 23726 ° = 231 ° AnS 


2-43. Determine the magnitude and orientation 6 of F,, 
so that the resultant force is directed along the positive 
y axis a °d has a magnitude of 1500 N. 


Sealar Nolation : Suraing the foree 


components algebraicatly, we have 


~+ -ZF z , 0 = 700sin 30° -F„cos 6 

F t cos 6 = 350 

+ T/ >, =ZF /’ 1500 = 700cos 30° + /^ sin 6 

FgSin 6 = 893.8 

Solving Eq.[l] and [ 2 ] yields 

e = 6S.6° F b = 960 N Ans 



/ > = 700N 




fl] 



rx i y 

Í2J 

L*KI / 


' F^ m /Sccri 


24 
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2-42. Solve Prob. 2-22 by summing the rectangular or x, 
y components of the forces to obtain the resultant force. 


f; = F lx + F, x = -30 - 20(sin20°) = -30.8404 

F' y = F„. + F 2 , = 30 (0 - 20ícos20 n ) = -0.79385 

F k , = f; + r )s = -30.8404 + 50 = 19.1596 
Fs, = f; + Fj.v = -0.79385 + 0 = -0.79385 
F„ = v /( 19.1596) 2 + (-0.79385)- = 19.2 N Ans 


H = tan' 1 ( ^ = -2.3726° = 2.37° Ans 

\ 19.1596 ) 


2-43. Determine the magnitude and orientation 9 of F B 
so that the resultant force is directed along the positive y 
axis and has a magnitude of 1500 N. 


y 



Scalar Notation: Summing the force components itlgebraically, we 
have 

X F Ky = EF r : 0 = 700 sin 30° — F tì eos 0 

F b cos f) = 350 UJ 

+ t Fr, = S Fy\ 1500 = 7(K)cos 30° + F B sin 0 

F b sin 0 = 893.8 |2J 

Solving Eq. [11 and |2J yields 
0 = 68.6 f ’ F n = 960 NAns 




2-44. Determine the magnitude and orientation, 
measured counterclockwise from the positive y axis, of 
the resultant force acting on the bracket, if F n = 600 N 
and 6 = 20". 



I r A = 700 N 


Sealar Nolatlon : Suming Ihe foroe components algebraically. we h»ve 

6,. f>, =700sin30*-600cos20 a 

= -213.8 N- 213.8 N «- 

+ t F„ =ZF r ; F, = 700cos 30°+600sin 20“ 

= 811.4 N T 

The magniaide of die resultam force F, is 

F * 3 = /213.82 + 811.42 = 839 N Ans 

The directional angle 0 measured counterclockwise from posidve y axis is 
- .«-•^13*8'\_ i- M 


e = U n^»un-(îlH)»,4.8“ 


/I 

/ I 


Vt-ÍOOH F tì £°/ | 




OC 
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2-46. Determine the magnitude of the resultant force 
and its direction, measured counterclockwise from the 
positive x axis. 



Rx f r* 150cos30° + 200sin45° = 11.518 N 

* y ~ ] 50sin30° + 200cos45° = 216.421N 

F * = SÏÏÏ3WTj2Î6Â2Ïŷ = 217 N An, 


a _ , .,216.421 

“ — (-) 07 no 

11.518 870 


2-47. Determine the x and y components of each force 
acting on the gusset plate of the bridge truss. Show that 
the resultant force is zero. 



/ f<=3001b 


-200 lb Ans 


400(-) = 320 lb Ans 


-400(-) = -240 1b Ans 


300(-) = 180 lb 


300(-) = 240 lb 


F, x = - 300 lb Ans 

F, y = 0 Ans 

Fr* = F U + F 2i + F U + F U 

F Rx = -200 + 320 + 180 - 300 = 0 

F Ry = F i , + F 2y + F 2y + F i, 

F„ y = 0 - 240 + 240 + 0 = 0 
Thus, F p = 0 


*2-48. If 0 — 60° and F = 20 kN, deterraine the 
magnitude of the resultant force and its direction 
measured clockwise from the positive x axis. 



y 

50 kN 


ŷ 


F 



40 kN 


í>F Sx = JiF-, F. x = 50( —) + 4=(40) - 20 cos60° = 58.28 kN 
5 


. 3 1 

■ÎF,, = ZF y ; F gy = 50(-) - -==(40) - 20 sin60° = - 15.60 kN 

5 V 2 


F r = /(58.28) 2 + (-15.60)2 = 60.3 kN Ans 

,r 15.601 

6 = lan ----- = 15.0° Ans 

L58.28J 
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2-51. Express each of the three forces acting on the 
coiumn in Cartesian vector form and compute the 
magnitude of the resultant force. 


F 2 =275 Ib 


f i - 150 lb F,=75 lb 


F, = 150(j)i - 150(^)j 

F, = {90i - 120j} Ib 
F 2 = {—275j> lb 
Fj = -75 cos60°i -75 sin60°j 
Fj = {-37.5i - 65.0j> Ib 
F, =XF= {52.5i - 460j> Ib 
F * = /(52.5)2 + (-460)2 = 463 1 


♦2-52. The three concurrent forces acting on the screw 
eye produce a resultant force F« = 0. If F 2 = 3 /•', and 
F, is to be 90° from F 2 as shown, determine the required 
magnitude of F, expressed in terms of F, and the 
angle 8. 



Cartesian Vector Notation : 

F, = /) cos 60°i + /) sin 60°j 
= 0.50F;i + 0.8660F;j 

F 2 = j/) cos 30°i - ^F, sin 30?j 
= 0.5774/r i-0.3333/) j 

Fj = -Fj sin 0i - F, cos Oj 


Resultant Force : 

F» = 0 = F, + Fj + F, 

0 = (0.50FJ + 0.5774/) — /5 sin 6 >) i 

+ (0.8660/) -0.3333/) -/)cos 6 )j 

Eqiunng i and j components, we have 


0.50/) + 0.5774FJ - /) sin 8 = 0 
0.8660/) -0.3333/) -F.cos 9 = 0 


Solving Eq.fl] and [2] yields 


9 = 63.7° Fj = 1.20/) 
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2-53. Determine the magnitude of force F so that the 
resultant F« of the three forces is as small as possible. 


What is the minimum magnitude of F ;í 


Scaiar Notation : Sumìng ihe force components algebraicaUy, we nave 


-1* F,_ = IF,; F,' =5-Fsin30' > 

= 5-0.50 F - 


+ T F, ỳ = ZF y : F, r = Fcos 30°-4 
= 0.8660F- 4 t 


The magnitude of the resultant force F, is 




= ■jíS-O.SOF ) 2 + (0.8660F-4) 2 


■■/f^-ûMf+âï 


( 1 ) 


/^ = F 2 - U.93F+41 
.dF, 

r R- 


2F,— =2F-11.93 
dF 


( d l F, dF, dF,\ 
F *’dFÎ + !ÎF *~dF }~ 




( 2 ) 

[3] 


In order lo obtain the minimum resultant force F*, —~ = 0. From Eq.[2] 


dF 


2F,^ = 2F-11.93 = 0 


F= 5.964 lcN = 5.96 kN 
Subsútuting F = 5.964 kN into Eq.[l], we have 


Ans 


F r = /5.964 2 -11.93(5.964) + 41 
= 2.330 kN = 2.33 kN 


Ans 


dF, 


Subsutuúng F r = 2.330 kN with —f = 0 ìnto Eq.[3], we have 
dF 


Jtf.330) ^r + o]=l 


<PF, 


dF* 


± = 0.429 > 0 



Hence, F= 5.96 tN is indeed producing a minimum resultant force. 








2-54. Express each of the three forces acting on the 
bracket in Cartesian vector form with respect to the x and 
y axes. Deterraine the magnitude and direction 0 of Fj so 
that the resultant force is directed along the positive x' 
axis and has a magnitude of F R = 600 N. 


F, = {/; cosSi + F, sinSJ} N Ans 

= {3501} N Ans 



F 3 = {-100j} N 


F 2 = 350N 


F * = 600 cos30' , i + 600 sin30°j 
F* = {519.61 + 300j} N 


Equating the i and J components yields : 
519.6 = F, cosfl + 350 


/ì cos0 = 169.6 


300 = fj sin 6 - 100 
F, sm6 =400 


-f-í" 1 = 

L 169.6 J 


67.0° Ans 


2-55. The three concurrent forces acting on the post 
produce a resultant force Fg = 0. If F 2 = \ F\, and Fj is 
to be 90° from F 2 as shown, determine the required 
magnitude F 3 expressed in terms of Fj and the angle 0. 



^ = 0 ; 


/? cos( 0 - 90°) = F, 
F, sin(0 - 90°) = F 2 


tan( e - 90°) = 5. - i 
F 2 

B - 90° = 26.57° 
e = 116.57° = 117° 


cos( 116.57° - 90°) 
F 3 = 1.12/J 


31 
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*2-57. If F 2 = 150 lb and 6 = 55°, determine the 
magnitude and orientation, measured clockwise from the 
positive x axis, of the resuitant force of the three forces 
acting on the bracket. 


Scalar Notation : Suming the force components algebraicaOy, we have 

-+ F, = ZF X ; F R ' = 80+52^ 150cos 80° 

= 126.05 lb-+ 

+ T F„' = lF f ; F„ t = 52^ )- 150sin 80° 

=-99.72 lb = 99.72 lb l 

The magnitude of the resultant force F, is 

/> = 'J F ». +F *, ~ /126.052+ 99.72 J = 161 lb Ans 

Thc directional aynglc 6 measurcd clockwisc frora posiave x axis is 

e = un^ = un-'(^) = 38.3» An, 


y 



2-58. Determine the magnitude of force F so that the 
resultant force of the three forces is as small as possible. 
What is the magnitude of the resultant force? 


-* fí, m XF a : ■ I - F coa 45* - 14coa30* 

■ - 4.1244- F coa 45* 

♦ Tfi,, mZF f , F,, = -Fsm45” +14sm30° 

■ 7 - F sin 45° 

Ff m (-4.1244-Foo* 4J") 1 +(7-Fisn45*) > (1) 

^ = 2 ( -4. !244- F coa 45*)(-ooa 45”)+2(7 - F sin 4J”)(-am 45") = 0 

F = 2.03 kN Ana 
PromBq. (1); F, =7.S7kN Ana 
Abo, bom tbe figure require 
(fit)*«0 mXF.-: F* 14sin 15*-8ooa4S* = 0 
F m 2.03 kN Ana 

(Ft ), mXF, : F| • 14 cos 15” - 8 sin 45* 

F, =7.t7kN Ana 




fJkt) 






2-59. Determine the magnitude and coordinate direction 
angles of Fi = (60i - 50j + 40k| N and F 2 = |-40i - 
85j + 30k) N. Sketch each force on an jr, y, z reference. 


F, > 60i -50J + 40k 

61 » *'(60)J + (-50)2 + (40)1 » 87.750,87.7 N Ana 

0,1 = '“"(irTsôJ " 46 90 A “ 

* ’ “*"&) * 123 ° ' A “ 

)t = cos~‘f— ì = 62.9° Am 
kr7.750j 

ïj = -401 — 85 j + 30 k 

= v'(-40) 2 + (-85)J + (30)* = 98.615 » 98.6 N Aa 

01 " “"(sÈSs) " 114 ° 

h = “"(îras) “ 130 “ A “ 



‘í—ì 

198.6157 


72.3” Aai 


forrof Sm 616 31 ‘ H r nd ° f ' he CTane boom exerts « 

Cartesln vector 0 " b °° m 85 ^ 0 ™' ExprCSS F as a 


Cari'tiun V.ctor Notation : Wiih a . 30« md 0 .70» ihethud 
coordmaie duecnon angle rcanbe daermined usm g Eq. 2 - 10. 


cos J a+cos J /3+cos 2 y » 1 
cos 2 30° + cos 2 70» + cos 2 r « 1 
cos y » ±0.3647 

/ = 68.61° or 111.39° 


By inspection, y = 111.39« since the force F is directed i 


ui negahve octanL 


F»250{cos30°l + cos70°j+cos 111.39°} ] 

» {2171 + 85.5J — 91,2k} lb 



6 = 250 lb 



2-61. Determine the magnitude and coordinate 
direction angles of the force F acting on the stake. 


-F =40, F = 50 N 


F = 40 cos70°i + 40 sin70°j + -(50)k 


F = {13.71 +37.6J + 30.0k } N Ans 

F = ^(13.68)2 + (37.59)2 + (30) 2 = 50 N 


13.68 

a = cos (-) = 74. l c 

50 


o -i 37.59 
P = cos (-^~) = 41.3° 


30 

Y = cos (—) = 53.1° 
50 




Cartesian Vecíor Noiation: 

F ‘ =75 {“S j + S k } ‘h~ f~22.0j + 21.0k} lb 

F 2 = 55{cos 30»cos 60°i + cos 30“sin 60°j-sin 30»k} lb 
= {23.82i+41.25j-27.5k} ib 

Resultant Force: 

F* = F, + F 2 

= {23.82i + (-72.0 + 4l.25)j + (21.0-27.5)k} lb 
= {23.82i-30.75j-6.50k} lb 

The nugnitude of the resultant force is 

= /23 82 2 + (-30.75) j + (-6.50) 2 
= 39.43 lb = 39.4 Ib Ans 

The cootdinate direction angles are 


anglesare 



_ 23.82 

39.43 

a= 52.8° 

Ans 

_ -30.75 
39.43 

0 = 141“ 

Ans 

_ -6.50 
" 39.43 

7 = 99.5“ 

Ans 



35 
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2-63. The stock S mounted on the lathe is subjected to 
a force of 60 N, which is caused by the die D. Determine 
the coordinate directìon angle /3 and express the force as 
a Cartesian vector. 



cos 2 60” + cos' p + cos 2 30° = 1 
P= 9 0” Ans 

F = -60(cos60°i + cos90°j + cos45°k) 
F = t-30i - 52.0k } N Ans 


*2-64. Determine the magnitude and coordinate f, = (80cos30“cos40»i 

direction angles of the resultant force and sketch this " 80cos30 ° s ' n40 “J - 80sin30°k) 

vector on the coordinate system. f, = { 53 . 1 Ì _ 44 5 ^ + 40 k } ib 

F 2 = t-130k } lb 
F * = F, + F 2 

F, = 801b 

J^---- F * = t 53.11 - 44.5j -90.0k} lb 

F * = + f-^-5) 2 + (-90.0)2 = 114 lb Ans 



F 2 = 130 Ib 


ct = cos~'( 53 1 ) = 62 1 ° 
'll3.6 ; 

a -i,-44,5 

P - COS (-) = 1130 

113.6 

.,,-90.0 

y = cos (-) = 142“ 

113.6 


2-65. Specify the coordinate direction angles of F : and 

F 2 and express each force as a Cartesian vector. 

Fi - (80 cos30°cos40° i - 80cos30°sin40°j + 80sin30°k) 




F, = {53.11 - 44.5j + 40k } lb 

Ans 



7 

..53.1 

« 1 = cos ( —) = 48.4° 

Ans 

fi = 

: 80 lb 


„ -1-44.5 

P 1 = cos (— — ) = 124° 

Ans 



y 

40 

y\ = cos ’(—) = 60° 

Ans 


\ 

f F 2 = 130 tb 

F 2 = {-130k} lb 

Ans 


X 


= «."(JL) = 90° 

Ans 




P 2 - = 90° 

Ans 




—1 — 1 30 

72 = cos ( ’m' ) =180 ° 

Ans 


36 
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i » <h.t th, r“,r, ,t“ ™ a ” 8l ' ! ft- r> of 

s = {3501} N. ct,n « on the mast is 


F 3 = 300N 



F, = 500 cosa, i + 500cos/3, j + 500cosr,k 
F, = F, + (—300J) + (—200k) 

350i = 500 cosa, i + (500 cosfi, - 300)j + (500 cosy, - 200)k 


"^=200N 


350 = 500 cosa,; 

0 = 500cos/î, - 300; 
0 = 500cosy, - 200; 


a i - 45.6° Ans 


Pi — 53.1° Ans 


7i — 66.4° Ans 


2-67. The mast is subjected to the three forces shown. 
Determine the coordinate direction angles a h f3 h yi 0 f 
Fj so that the resultónt force acting on the mast is zero. 


F, = { 500 cosa, I + 500cos/3,j + 500 cosy, k} N 
1% = {-200k> N 


fj = 500 N 


Fj = {-300J} N 
F» = F, + F 2 + F 3 = 0 
SOOcosa, = 0; 


F, = 300 N 


' F 2 = 200 N 


500cos/3, = 300; 
500cosy, = 200; 


fii = 53.1° Ans 


ïi - 66.4® Ans 
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^69. The beam is subjected to the two forces shown. 
Express each force in Cartesian vector form and 
determine the magnitude and coordinate direction aneles 
of the resultant force. 



2-70. Determine the magnitude and coordinate 
direction angles of the resultant force and sketch this 
vector on the coordinate system. 


** = f, + f 2 


*i = ~ 630 <|) k 

r, = (176.4 j - 604.8k) 

F, = {176j - 605k } lb Ans 

F 2 = 250 cos60°i + 250 cos 135°j + 250 cos60°k 
Fj = (1251 - 176.777j +125k) 

F 2 = {1251 - 177j + 125k } lb Ans 

F, = F, + F 2 

F, = 1251 - 0.3767J - 479.8k 

F, ={1251 - 0.377J -480k} lb Ans 

F* = ^(125) 2 + (-0.3767)2 + (_4 79 . 8 )2 = 495 82 



= 496 Ib 


Ans 



,, 125 . 



a 

= cos~ 

V 495.82 7 

75.4° 

Ans 

P 


x -0.3767 



= cos~ 

495.82 ’ 

= 90.0° 

Ans 



,,-479.8 



y 

= cos - 

(-) = 

495.82 7 

165° 

Ans 



F, - 3S0cos60°i + 350cos60°j - 350cos45°k + 250(f)cos30°i -250(f)sin30°j + 250(- 3 )k 

* 5 

F* = {348.211 + 75.0j - 97.487k} N 


F* - /(34831)2 + (75.0) 2 - (97.487) 2 
= 369.29 = 369 N 


a = 


,348.21 


cos~ 

( 369.29^ 

= 19.5° 

fi = 

-1 

75.0 


cos 

369.29 ) ~ 

: 78.3° 


-1 

-97.487 


Y = 

cos 

369.29 J 

= 105° 


Ans 

Ans 

Ans 

Ans 
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2-71. The two forces F, and F 2 acting at A have a 
resultant force of F„ = {-100kJ Ib. Determine the 
magnitude and coordinate direction angles of F 2 . 



*2-72. Determine the coordinate direction angles of the 
force F, and indicate them on the figure. 


Carttsiaiî Vtctor Notation: 

F„ = {—100k} lb 

F, = 60{-cos 50°cos 30°i + cos 50°sin 30°j - sin 50°k} I 
= {-33.40Î + 19.28j-45.96k} lb 

* , 2 = {'U + 'ì,j+fî.k} lb 

Rtsultant Forct: 

F, = F, +Fj 

- 100k = {(/ 5 , -33.40) i + (/ 5 , +19.28) j + (F 2| -45.96) k} 

Eqiutíng i, j and k components, we have 

/5,-33.40 = 0 /5 = 33.40 Ib 

/5, +19.28 = 0 / 5 =-19.28 Ib 

/5 t -45.96 = -100 ’ /5_ = -54.04 lb 

The magnitude of force F 2 is 


F * = V'?.+/?,+/?, 

= V33.40 2 + (-19.28)' + (-54.04) J 
= 66.39 Ib = 66.4 ib 

Thc coordinate dircction anglcs for F 2 are 


/ 5 , 

33.40 



cos a= — 

5S - ■ 

0 = 59.8° 

Ans 


66.39 



a % 

_ ~ 19 - 28 



COSp=-L 

" 66.39 

P= 107° 

Ans 


_ -54.04 



cosr = - 

' 66.39 

y = 144° 

Ans 


l/nit Vtctor For Foct F, .• 

“f, =-cos 50°cos 30°i+cos 50°sin 30°j - sin 50»k 
= -0.5567Ì+0.3214j - 0.7660k 

Coordinalt Dirtction Anglts : From the unit vector obtained 
above, we have 

cos a = -0.5567 0=124° Anj 

«»^ = 0.3214 /» = 71.3° Ans 

«r 7 = -0.7660 y = 140° Ans 





N 

^50° 

y 
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2-73. The bracket is subjected to the two forces shown. 
Express each force in Cartesian vector form and then 
determine the resultant force F ;( . Find the magnitude and 
coordinate direction angles of the resultant force. 


Carítsiam Vtctor Notatioa: 

F, = 250 (cos 35'sin 25“l + oos 35°cos 25°j-$in 35°k) N 
= {86.55Î+ 185.60J- 143.39k) N 
= {86.51 + 186j- 143k) N Ans 

F, =400{cos I20°i + cos 45”j+cos 60°k) N 
= {-200.01 + 282.84j + 200.0k) N 
= {-200i + 283j + 200k) N Ans 

RttuUamt Forct: 

F* = Fi + Ï2 

= {(86.55 - 200.0) 1 + (185.60+ 282.84) j + (-143.39+ 200.0)k) 
= {-113.45i + 468.44J + 56.61k) N 
= {-113i + 468j + 56.6k} N Ans 

The nugnitude of the resultant force is 

F. = JF3 +F2 +F2 


F t m 'J F s, +F Í, +F Í, 

= V(-l 13.45) 2 +468.442 + 56.612 
= 485.30 N= 485 N 

The coordinate direction angles are 


F 2 = 400 N 



-113.45 

485.30 

a= 104° 

Ans 

468.44 

485.30 

0 = 13.1° 

Ans 

56.61 

485.30 

y=83.3° 

Ans 


2-74. The pole is subjected to the force F, which has 
components acting along the x, y, z axes as shown. If the 
magmtude of F is 3 kN, and (3 = 30° and y = 75", 
determine the magnitudes of its three components. 
z 



cos 2 a + cos 2 fi + cos 2 y = l 
cm 2 a+ cos 2 30" + cos 2 75° = 1 


a = 64.67° 

F X = 3 cos64.67" = 1.28 ltN Ans 

F , = 3 cos30° = 2.60 kN Ans 

F t = 3 cos75° = 0.776 kN Ans 
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2-77. Three forces act on the hook. If the resultant force 
F« has a magnitude and direction as shown, determine 
the magnitude and the coordinate direction angles of 
force F> 



CmrittÌMn Vtctor Notation: 

* 120{cos 45°sin 30°i + cos 45 < ’cos 30°j+sin45°k} N 
= {42.431 + 73.48j + 84.85k} N 

F, =8o|^i + ^k|N = {64.0i + 48.0k} N 

F 2 = {-110k} N 
Fj-fJS.l + ^Ì+fì.lO N 

Resullant Forct: 

F * =F I +F 2 +F J 

{42.43Ì + 73.48J + 84.85k} 

= {(64.0+ F 2- ) i + ^j+ ( 48.0- 110+ F >') k} 

Equadng i, j and k components, we have 

64.0+ F,_ = 42.43 F 3 _ = -21.57 N 

F, = 73.48 N 

48.0- 110+1$, = 84.85 /$, = 146.85 N 

The magnitude of force F, is 


's = V'?,+'?,+< _ 

= V(-21.57) 2 + 73.48 J +146.85 2 


= 165.62 N = 166 N 


Ans 

The cooidinate direcdon angles for F, are 



F i -21.57 

cos a = —r = ,,, 

/$ 165.62 

0 = 97.5° 

Ans 

« F ±l 7348 

P F, 165.62 

P = 63.7° 

Ans 

F, 146.85 

7 F, 165.62 

r = 27 .5° 

Ans 


2-78. Determine the coordinate direction angles of F> 
and F w . 

Vnit Vector of F, and F, ; 

4 3 

u f, = ji + -k = 0.8i + 0.6k 

“* = cos 45°sin 30°i + cos 45°cos 30°j+sin 45°k 
= 0.3536Ì + 0.6124j + 0.707 lk 

Thus, the coordinate direction angles F, and F, are 


cos a F = 0.8 

a Fi = 36.9° 

Ans 

cos p Fi = 0 

P Fl =90.0° 

Ans 

cos y F% = 0.6 

r Fl = 53 . 1 ° 

Ans 

cos a, = 0.3536 

= 69.3° 

Ans 

cos ft, = 0.6124 

P, * 52.2° 

Ans 

cos r* =0.7071 

7, =45.0° 

Ans 
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2-79. The bolt is subjected to the force F, which has 
components acting along the x, y, z axes as shown. If the 
magnitude of F is 80 N, and a = 60° and y = 45°, 
determine the magnitudes of its components. 


cos fì = /1 - cos 2 a - cos 2 y 


!\ - cos 2 60“ -cos 2 45° 



F x = | 80 cos60° í = 40 N 


F y = | 80 cosl20°| = 40 N 
F, = | 80 cos45° | = 56.6 N 


2-80. TVo forces F 2 and F 2 act on the bolt. If the 
resultant force F„ has a magnitude of 50 lb and coordinate 
directmn angles a = 110° and /3 = 80°, as shown 
determine the magmtude of F 2 and its coordinate 
direction angles. 



Fg = 50 lb 


2-81. If r, = |3i - 4j + 3k) m, r 2 = |4i - 5k| m, r, = 
j.3i - 2j + 5k) m, determine the magnitude and direction 

of r = 2r, - 'r 2 + 3ry. 


(1) : = cos 2 110“ + cos 2 80 ° + cos 2 y 


50 cosllO 0 = (/?), 


50 cos80° = (F 2 ), 

50 cos 157.44° = (F 2 ), - 20 
(F 2 ), = -17.10 


(Fj), = 8.68 

(F 2 ), = -26.17 


f 2 = /(—17.10) 2 + (8.68)2 + (-26.17)2 = 32.4 Ib 


02 “ C0S ' ,( "ìir ) = 122 ° 


= cos-'(^j) = 74 - 5 ° 


-26.17 

r 2 = cos (——) =144° 
32.4 


r • 2 r, - r 2 + 3 r 5 

•> 6i - 8J + 6k- 41 + 5k +9i - 6j + 15 k 


= lli - 14J + 26k 


r » V(li)J + (- 14p + 06)» = 31.31 m = 31.3m Am 


_ _ 11 . 14 . 26 

' 31.31 ~ 31.51 J + 31.51 k 


“■“■"(jnr )* 69 - 60 A 

P * ““‘'(jfjï) • n fi ° A *>» 
r ” “‘ ‘(sOl) “ 3440 A “ 
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2-82. Represent the position vector r acting from point 
/4(3 m,5 m,6 m) to point B (5 m, -2 m, 1 m) in Cartesian 
vector form. Determine its coordinate direction angles 
and find the distance between points A and B. 


Faiitiom Vtclar: This can be established from the coordinates of two 
points. 

Ut *{(î-3)i + (-2-5)j + (l-6)k} ft 

= (2i-7j-5k) ft xta 

Thedistance between point/t and B is 

r»a «V2 1 + (-7) , + (-5) 2 «/78ft=8.83ft Ans 
The coordinae direcnon angks art 
2 


cos a = —— 
y78 

a = 76.9° 

Ans 

. -7 

cosp= — 

/78 

P= 142° 

Ans 

-5 

cos y = 

/78 

y= 124° 

Ans 


2-83. A position vector extends from the origin to 
point A (2 m, 3 m, 6 m). Determine the angles a, /3, y 
which the tail of the vector makes with the x, y, z axes, 
respectively. 


Position Vector : This can be established from the coordinates of two 
points. 


r={2i + 3j + 6k} ft 
The distance between pointA and B is 

r AB = Ì 2 2 + (3) 2 + (6) 2 = 7ft Ans 
The coordinate direction angles are 


2 

cos (X = - 

a = 73.4° 

Ans 

7 

_ 3 

cos p = - 
7 

/3 = 64.6° 

Ans 

6 

cos y = - 

7 = 31.0° 

Ans 
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2-82. Represent the position veetor r acting from point 
A(' ìm, 5 m, 6 m) to point B (5 m, -2 m. 1 m) m 
Cartesian vector form. Deterntine its cttordtnate direction 
angles and tind the distance between points A and B. 


Position Vector: This can be established from the coordinates of 
t\vo points. 

r AB = |(5 - 3)i + t-2 - 5>j + (1 - 

Ans 
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2-86. Express force F as a Cartesian veetor- then 
determine its coordinate direction angles. 


Unit Vtetor: 


Tá ‘ = . { l 4 '° )Ì + íl - ( - 2 sin « 0 °)Jj+( 0 - 2 co, 60 »)k} ft 
~{4.00i+2.732j-1.00k} ft 

r * a = 00 2 + 2.732 2 + (—1.00)* = 4.946 ft 

u.. = lil _ 4.00Í + 2.73 2j -1 ,Q0k 
r *> 4.946 

= 0.80871+0.5524j - 0.2022k 

Force Vector : 

F = Fu *a = 500{0.8087Ì+0.5524j - 0.2022k} lb 

= {4041 + 276j-101k}lb Am 

•• p “" *•——... 



-i 


cosa = 0.8087 
cos 0 = 0.5524 
cosy = -0.2022 


“ = 36.0» AnJ 

*=3W Ani 

y = 102° Anj 


2-87. Determine the length of member AB of the truss 

Sand th a ,"® aCartesian P° sition vector from >1 
to B and then deterrmnmg ìts magnitude. 



r ‘*' - (11+ -°' 8)l + C1.5-I.2)j 

r KB = {2.091 + 0.3J } m 


r AB = v (2.09) 2 + (0.3) 2 =2.11 i 
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*2-88. At a given instant, the position of a plane at A 
and a train at B are measured relative to a radar antenna 
at O. Determine the distance d between A and B at this 
instant.To solve the problem, formulate a position vector, 
directed from A to B, and then determine its magnitude. 


A 



fmtilion Voetor : The coordinues of poinu A and B are 

A(-5cos 60°cos 35”, -5cos 60“sin 35”. 5sin 60”) fan 
= A(-2.048, - 1.434, 4.330) tan 

S(2cos 25°sin 40°, 2cos 25"cos 40", -2sin 25") tan 
= 8(1.165, 1.389, -0.845) tan 

The posinon vector r A , can be established from Ihe coordinates of poinu A and B. 

r A , = {[1.165-(-2.048)]i + [1.389-(-1.434)]j+(-0.845 - 4.330)k} tan 
= {3.213i + 2.82?j-5.175k) tan 

Thc distance between poinu A and B is 

d * r A , = V3.213» + 2.822 1 + (-5.175) 1 = 6.71 tan Ans 


2-89. The hinged plate is supported by the cord AB If 
the force in the cord is F = 340 Ib, express this force, 
directed from A toward B, as a Cartesian vector. What is 
the length of the cord? 


VnU Vector: 


r x* = {<0—8)i + (0—9)j + (12—0)k> ft 
= {-8i-9j+12k} ft 

r *t * V(-8)" + (-9) 2 + 122 = 17.0 ft 

■■ . - T *‘ _ -8i-9j+ 12k 8. 9 12 

r *o O ~ 17 l- 17^ + 17 k 



Foret Veetor: 


F = Fi i,- = 340, 


{-160i-180j + 240k} lb 


Ant 
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2-90. Determine the length of the crankshaft AB by first 
formulating a Cartesian position vector from A to B and 
then determining its magnitude. 



Ta ‘ ((4 °° + 125sm25 °)l - 125 cos25°j ) 
■U» = {452.831 -113.3J} mm 

Ta ‘ = 467 mm 


2-9L Determine the iengths of wires AD, BD, and CD 
The ring at D is midway between A and B. 




72 + 0 0 + 2 1.5 + 0.5\ 

—2-J” " ° (1 ' >" 11 m 

r AD “ (1 -2)1 + (1 — 0)j + (l — 1.5)k 
= -11 + lj-0.5k 

r ííî = (1 - 0)i + (l - 2)j + (l -0.5)k 
= 11 - lj + 0.5k 

r co = (l-0)i + (l- 0 )j + (l- 2 )k 


= ll + lj-lk 


'ad = /(-l) 2 +1 2 + (-0.5)2 = 1.50 r 
r, D = ,D 2 + (-l) 2 + 0.5 2 = 1.50 m 


r CD = V*l 2 + l 2 + (-l) 2 = 1.73 . 
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*2-92. Express force F as a Cartesian vector; then 
determine its coordinate direction angles. 


Unit y tctor: The coordinates of point A are 


[ F=1351b^r 

10 ft 


A (-lOcos 70°sin 30”, lOcos 70°coa 30*. 10sin70°) ft 
= A(-1.710, 2.962,9.397) ft 


B y~ 7 ft - 


t as ={[5-(-1.710)]i + (-7-2.962)j+(0- 9.397)k) ft 
= { 6.7101-9.962j -9.397k) ft 

'as = V 6-7102 + (—9.962) 2 + f-9.397) 2 = 15.250 ft 

_r AI 6.710» — 9.962j - 9.397lt 

u t s -- - 

r AS 15.250 

= 0.4400Í -0.6532j - 0.6162k 

Force Vector: 

F = Fu as = 135{0.4400Í - 0.6532j- 0.6162k} lb 

= {59.4i-88.y-83.2k} lb Ar 

Coordinate Direction Angles : From the unit vector u AJ obtained 
above, wehave 


cos a = 0.4400 

a = 63.9° 

Ans 

cos/3 = -0.6532 

P = 131 0 

Ana 

cos r = -0.6162 

r=128« 

Ans 


2-93. Express force F as a Cartesian vector; then 
determine its coordinate direction angles. 


A 

F = 600 lb 



r = (51 + (1.5 + 3 sin60°)j +(0-3 cos60°)k) 
r = {5i + 4.098J - 1.5k) ft 

u = í = (0.7534Ì + 0.6175j - 0.226k) 

F = 600u = (452.04Ì + 370.49j - 135.61k) 

F = (4521 + 370j - 136k) lb 
452.04 

° = 005 ( ^ÔT ) = 411 ° 
p = cos "' (2 ^- 9) - 5I ' 9 ° 


-135.61 

008 =103 ° 
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2-94. Determine the magnitude and coordinate 
direction angles of the resultant force acting at point A. 


1.5 m 

V, = 150 N 


f 2 =200N> 


/£~ 2 m- 


'ac = {31 - 0.5j - 4k} m 

I r xc I = V3 2 + (-0.5) 2 + (-4)2 = /25.25 = 5.02494 
3i — q 3j _ 

Fj = 200( 5X0494 - J = d'9.4044i - 19.9007j - 159.2059k) 

r AB = (3cos60°i + (1.5 + 3sìn60°)j - 4k) 
t ab = (l-5i + 4.098 lj - 4k) 

1 I = /(1.5)2 + (4.0981)2 + (-4)2 = 5.9198 
«. _ + 4.098 lj - 4k 

F| “ 150( - ^i 98 --) = (38.0080Ì + 103.8405j - 101.3548k) 

F, = F, + F 2 = (157.4124Í + 83.9398j - 260.5607k) 

F * ~ /(157.4124)2 + (83.9398)2+ (-260.5607)2 = 315.7791 = 316 N 




,357.4124 



a = 

cos~ 

(-) = 

315.7791 

= 60.099° 

= 60.1° 


-1 

83.9398 



cos 

( 315.7791 J “ 

: 74.584° 

= 74.6° 


-1 

-260.5607 



r = 

cos 

315.7791 1 

= 145.60° 

= 146° 
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2 - 95 . The door is held opened by means of two chains. 
If the tension in AB and CD is F A = 300 N and F c = 250 
N, respectively, express each of these forces in Cartesian 
vector form. 



Vmil Vtclor: First detomine the posióon vector r Al and r CD . The coordinaies of 
points A and C are 

/t(0. -(1 + l.Scos 30°), l.Ssin 3C* ) m = A(0, -2.299,0.750) m 
Cl-2.50, -(1 + l.Scos 30°), 1.5sin30* ] m = C(-2.50, -2.299,0.750) m 


«aa *{( 0 - 0 )i + (0-(-2.299)]j + (0-0.750)k} m 
= {2.299j-0.750k) m 
r t , = yj 2.299« + (-0.750)* = 2.418 m 

^- 51 . 2 ^ 25 -^- 03 ^ 


r co = {[-0.5 - (-2.5)] i + [0- (-2.299)] j+(0-0.750) k) ra 
= {2.00i + 2.299j-0.750k) m 
r CD = V200» + 2.299» + (-0.750) 1 = 3.138 m 


r co 2.001 + 2.299J-0.750k 


0.6373Ì+0.7326J - 0.2390k 


Forct Vtclor: 


Va =F A u„=300{0.9507j-0.3101k) N 
= {285.21j-93.04k} N 
= {285j-93.0k) N 

F c = F c u co = 250 {0.6373Ì+0.7326j - 0.2390k} N 
= {159.33Ì +183.5j - 59.75k} N 
= {159i+183j-59.7k) N 


Ans 






*2-96. The two mooring cables exert forces on the stern 
of a ship as shown. Represent each force as as Cartesian 
vector and determine the magnitude and direction of the 
resultant. 


, = 200lb Wì\f b = 150Ib 


UOftJMpofi'- 


l/mit Vtctor: 


r c» ={ (ÎO-0)l + (10-0) J-i-(-30-0)k} ft={50i + 10j-30k}ft 

t ca “ t/îO» + 102 + (-30) J = 59.16 ft 
r CÁ 504 + lOj - 30k 

“ca “ — - -= 0.84521+0.1690j - 0.5071k 


ThenujnitudeofF, is 


F„ = V266.67 J + 131.45 2 + (—160.00) 2 
= 337.63 lb = 338 Ib 


r c» * { (50-0)i + (50-0) j+(-30-0)k} ft= {50i + 50j-30k} ft 

r ca = /S0 l + 50 l *(.-'}0) 1 *16.gl ft 

t ca 50i + 50j - 30k 

u c« = — =-—-- 0.6509Ì + 0.6509j - 0.3906k 


The coordiruue direction angies of F, are 
266.67 


Force Vector: 


F * =^“ca = 200{0.8452i +0.1690j-0.5071k} lb 
= {169.03Ì + 33.81J— 101.42k} lb 
= {169i + 33.8J - 101k} lb 

F « “ f> u c, = 150 {0.6509Ì +0.6509j - 0.3906k } Ib 
= {97,64i + 97.64j - 58.59k} lb 
= {97.6i + 97.6j-58.6k} lb 


cos a =- 

337.63 

a = 37.8° 

Ans 

. 131.45 

cos p =- 

337.63 

0=67.1° 

Ans 

160.00 

cos y -- 

337.63 

7= 118° 

Ans 


Reiultant Force : 


F «= F a+ F « 

= {(169 03 + 97.64) i +(33.81 +97.64)j+(-101.42-58.59) k} Ib 
= {266.67Ì +131 -45j — 160.00k} Ib 
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2-97. Two tractors pull on the tree with the forces 
shown. Represent each force as a Cartesian vector and 
then determine the magnitude and coordinate direction 
angles of the resultant force. 


r IA = {(20cos 30“-0)i + (-20sm 30°-0)j + (2-30)k) ft 
» {17.321- 10.0J-2S.Ok} ft 
r BA = V 17.32* + (-10.0) 2 + (-28.0) J = 34.41 ft 

=^= 17 ^.: 100J - 2g0t =0.i034i-0.2906i-0.i 
r BA 34.41 


- = 0.5034Î -0.2906j-0.8l37lt 


r, c = {(8-0)i+(10-0)j+(3-30)k) ft= {8i+10j-27k} ft 

r, c = JP+lV+i-n) 1 = 29.88 ft 

„. c = Î££ . 8l+1 ° J - 27k = 0.26771 + 0.3346j-0.9035k 
r, r 29.88 


r BC 

Forcr Vector: 


F ab =F ab u ba = 150{0.5034i-0.2906J-0.8137k} Ib 
= {75.51i-43.59j- 122.06k} lb 
= {75.5i-43.6j-122k} Ib 

F»c = fic“,c = 100{0.26771 + 0.3346j -0.9035k} Ib 
= {26.77Ì + 33.46j—90J5k } tb 
= {26.8i + 33.5j - 90.4k) lb 


Resultmt Force: 


F» “ + *,c 

= {(75.51 +26.77)i + (-43.59 + 33.46) j + (—122.06 — 90.35) k} lb 
= {102.28, — 10.13j — 212.41k} Ib 


The nugnitude of F, is 


F, = V 102.284 + (_ io. 13) 2 + (-212.41) 2 
= 235.97 lb = 236 Ib 


The cooidinate direcóon angles of F, are 


10 f t - - ,lft 


102.28 

cos a=- 

235.97 

0 = 64.3° 

Ans 

„ 10.13 

cos B =- 

^ 235.97 

P - 92.5° 

Ans 

212.41 

cos y -- 

7 235.97 

O 

II 

Ans 
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2-101. The load at A creates a force of 60 Ib in wire AB. 
Express this force as a Cartesian vector acting on A and 
directed toward B as shown. 


Vmt Vector: First determine the posidon vector r ,, .The coordinales of point 8 
are 

8(5sin 30°. 5cos 30°. 0) ft = 8(2.50, 4.330, 0) ft 

Then 

t áb - {(2.50-0)i + (4.330 - 0)j + [0-(-10)Jk} ft 
= {2.50i+4.330j+10.0k} ft 
r A , =V f 2.50 2 +4.330»+ 10.<F = 11.180ft 

r„ 2.50i +4.330j + 10.0k 
U *' = ^ = 11.180 

= 0.2236Î+0.3873j+0.8944lt 

Forct Vector: 

F = Fu a , = 60(0.22361 + 0.3873J + 0.8944k } lb 

= {13.41 + 23.2J+53.7k} Ib An* 
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2-106. The tower is held in piace by three cables. If the 
force of each cable acting on the tower is shown, determine 
the magnitude and coordinate direction angles a, /3, y of 
the resultant force. Take x = 20 m, y = 15 m. 





F “ + N 
F “= 800 < â i + ^-^)N 

„ _ *™, 16 . 18 . 24 

Fdc -eoo(-i--j-_ k)N 

F * = l'/M + F d « + K„c 


= {321.661 - 16.82j - 1466.71k> N 

F * = /(321.66)2 + (-16.82)2 + (-1466.71) 

= 1501.66 N = 1.50 kN Ans 

„ .1,321.66 

a = cos (-) = 77 6° 

150lW 


„ -,-16.82 
P = 008 ( T»r« ) = 906 ° 
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2 - 107 . The cable, attached to the shear-leg derrick, 
exerts a force on the derrick of F = 350 Ib. Express this 
torce as a Cartesian vector. 

Vnit Vector: The cooidiiuues of point B *re 

«(50sin 30°, 50cos 30°, 0) ft = fi(25.0. 43.301, 0) ft 

Then 

T *t = {(25.0 - 0)1 +(43.301 -0)j+(0-35)k} ft 
= { 25.0i + 43.301J-35.0fc} ft 

r *‘ ~ 1 / 25 . 0 * +43.301* + (—35.0) 1 « 61.033 ft 

= — = 250| - | - 4 3-3OU-35.OIi 
*' r *t 61.033 ' 

= 0.40961+0.7094J - 0.5735k 

Force Vector: 

F = = 350(0.40961+0.7094J - 0.5735lt} lb 

= {143i+24ÍJ-201k} lb Am 



F =350 Ib 


*2-108. The window is heid open by chain AB. 
Determine the length of the chain, and express the 50-lb 
force acting at A along the chain as a Cartesian vector 
and determine its coordinate direction angles. 



Unit Vector: The coordinates of point A are 

A(5cos 40°, 8. 5sin 40°) ft = 4(3.830, 8.00. 3.214) ft 

Then 

T *t ={(0-3.830)i + (5-8.00)j+(12-3.214)k} ft 
= {-3.830i-3.00j + 8.786k} ft 

r A , = ■J (-3.830) 2 + (—3.00) 2 + 8.786* = 10.043 ft = 10.0 ft Aiu 

_ r A , -3.830Ì - 3.00j + 8.786k 
~ T „ = 10.043 

= -0.38141 - 0.2987J+0.8748k 


Force Vector: 

F = Fu a , = 50{-0.3814i -0.2987j + 0.8748k) lb 

— 19. li — 14.9j + 43.7k} lb A 

Coordinate Direction Angles : From the unit vector u <8 obtained 
above, wehave 


cos a = -0.3814 

a = 112” 

Ans 

cos p = -0.2987 

/3= 107 ° 

Ans 

cos y = 0.8748 

r=29.0° 

Ans 


60 




www.usacingenieria.blogspot.com 


2-109. Given the three vectors A, B, and D, show that 
A-(B + D) = (A-B) + (A-D). 




Since the component of (B + D) is equal to the sum of the components of B and D, then 






A(B + D) = AB + AD (QED) 


A ■ (B + D) = (Ai + A,J + Ak) 1(8» + D »)i + (8, +£>,)j + (B : + D t )k] 
= A(B, + D,) + \(B y +D,) + A(8 t + D t ) 

= (A,fl, + AyB, + A8,)+ (AD, + AyDy + \Dy) 


= (A • B) + (A ■ D) (QED) 


2-110. Determine the angle 0 between 
two vectors. 


the tails of the 


Position Vectors : 


r , = {(3-0)1 + (-4—0) j + (0-0)k> m 

= {3i — 4j} m 

r 2 ={(2-0)i + (6-0)j+(-3-0)k> m 
= (2i + 6j — 3k) m 


The magnitude of posáon vectors are 


r, - y / 3 2 + (-4) 2 = 5.00m r 2 = Jv + 6* + (-3) 2 = 7.00 m 

Anglt Betveen Two Vectors $: 



r t ' r 2 = (3i — 4j) (2i + 6j-3k) 
= 3(2) + (—4) (6) + 0(—3) 
= -18.0m J 


e = COS ' , (^) = cos "[íS)]= I2, ° 
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2-111. Determine the angle 6 between the tails of the 


two vectors. 



r 2 = 6m 


r t = 9(sin40°cos30°i -sin40°sin30°j +cos40°k) 
r, = {5.010Î -2.8925j + 6.894k> ra 
r 2 =6(cos60°i + cos45°j + cosl20°k) 
r 2 = {3i + 4.2426j -3k> m 

r, r 2 = 5.010(3) + (-2.8925)(4.2426) + (6.894)(-3) = -17.93 


0 = cos-'í^) 


*2-111 Determine the magnitude of the projected 
component of r 2 along r 2 , and the projection of r 2 along r 2 . 


cor ‘ ( w ) = 1090 


r, = 9 m 



r, = 9 (sin40°cos30°i - sin40°sin30°j + cos40°k) 

r, = 5.010Ì - 2.8925j + 6.894k 

r, r 2 = 5.010(3) + (-2.8925)(4.2426) + (6.894)(-3) = 


„ r, • r 2 -17.93 

Proj.r, =-- = —-— = | 2.99 ml Ans 

r 2 6 


„ . r, • r -17.93 

Proj.r 2 = ——4 = —- = | 1.99 m | Ans 

r, y 


2-113. Determine the angle 6 between the y axis of the 
pole and the wire AB. 


Position Vcctor ; 


rs«={-3j> ft 

r Á , = {(2 — 0 )i+( 2 —3)j + (—2— 0 )lc> ft 

= {2i-lj-2k) ft 

Thc magnitudes of the posdon vectors are 

rt«=3.00ft r <4 = V2î + (-l) 2 + (-2) J = 3.00ft 

Tht Angles Betveen Two Vectors 9: The dot product of two vectors 
raust be deterrained firsL 



t a&' f as * (~3j) ■ (21 - Ij - 2k) 

= 0(2) + (-3) (-1) + 0(—2) 
= 3 


9 = cos' 1 íì - cos' 1 f 3 1 - 70.5° Ans 

V r AO r A, ) 1.3.00(3.00)] 
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2-118. Determine the components of F that act along 
rod AC and perpendicular to it. Point B is located 3 m 
along the rod from end C. 


'ca = 3i - 4j + 4k 
r CA = 6.403124 



T = ---(r c .) = 1.40556* - 1.874085j + 1.8740851* 

c ‘ 6.403124' CA 


r 0B = r OC 4 r CB 


= -3i + 4j + r c , 

= — 1.594441 + 2.1259j + 1.8740851* 


r OD ~ r OB 4 r BD 


r BD = r OD - r OB = (41 + 6j) - r OB 
= 5.59441 + 3.8741j - 1.8740851* 
r tD = /(5.5944)2 + (3.8741)* + (-1.874085)2 = 7.0582 
F = 600(—) = 475.5681 + 329.326j - 159.3111* 

r BD 

r A C = <~3i + 4j - 4k), r AC = /4Ï 
Componcnt of F along r, c ìs Fj , 

F r AC (475.568Ì + 329.326j - 159.311k) ■ (-31 + 4j - 4k) 


ff, = 82.4351 =82.4 N Ans 

Component of F pcrpendìcular to r AC is F x 
FÍ +lf t = F 7 = 600 2 
Fl = 600 2 - 82.4351 2 
F a = 594 N Ans 


2-119. The clamp is used on a jig. If the vertical force 
acting on the bolt is F = (—500k) N, determine the 
magnitudes of the components Fj and F 2 which act along 
the OA axis and perpendicular to it. 


UnU Vtclor: The unit vector along OA axis is 

, _ (0-20)i + (0-40)j + (0-40)k 1. 2. 2. 

U AO p"-" ~ ~r-" = * --I - -j k 

•JiO-lO) 1 + (0-40)*+ (0-40)* 3 3 3 

Projectcd Component of FAIong OA Axii: 

fi=F.u AO = (-500k)(-ì|-?j-?k) 

= 333.33 N = 333 N Ans 

Component of F Perpendicular to OA Axis : Since the magnitude of 
force F is F= 300 N so that 



F= (-500 k)N 
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2-122. Cable OA is used to support column OB. 
Determine the angle 6 it makes with beam OC. 



Unit Vtctor: 


“oc = li 


(4-0)H-(8-0)j-t-(-g-0)k 

■yrì' 


The Anglts Betvttn Two Vtctors 8: 




8 = cos ' 1 (u oc • u 0ll ) = cos ' 1 ^ = 70.5° Ans 


2-123. Cable OA is used to support column OB. 
Determine the angle <f> it makes with beam OD. 


Unit Vtctor: 



u 0D * -sin 30“t+cos 30°j ■ -0.5î + 0.8660J 

(4-0)H-(8-0)J + ( -8-0)k 
U °“ " ^(4-0 ) 2 + (8-0 ) 2 +(— 8 -0) 1 
1 , 2 , 

The Anglts Btíwttn Two Vtctors p : 

u 0D • u OA - (-0.51 +0.8660J) [ý + 5 J- 5 ) 

= (-0.5)g)+(0.8660)g)+o(~) 
= 0.4107 

Then, 

♦ - eo.•* (»«,•«<«) = «■•04107 = 65.8« 
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assembly. Determme themagLudVo? tíe ^ PÌPC 

pèrp a e n ndicuLtÍ ** ^’ 0 " 8 ^ 3XÌS 


Vnit Vtcíor: The u ni t vecior along AB axis ú 

u 4< = l 3 -0)i + (8-4)j + (Q- 0)k 3 4 

1 /(3-0) í + (»-4)i + (o_o )2 5* + 5 ^ 

Proje C ,ed Component of F Along AB Axi, : 

F ‘ =F u »'i =(20i + 10j-30k) ^i + íjj 

= (20) (j J+ (10 >(j)+ (_30) (0) 

= 20.0 N 

Ans 

Compontnt of F Perpendicular tn en ,. fr . _ 

^=^I^i^ =37 . 417N ^• T1 “ n “*™^0ff 0roeK 


^ ^ = /ÎMl?* - 20F = 31.6 N 


Ana 


■h« comp °“ m «' r. m o» s 


Force Veclor: 

Ur = cos 30 ° sin 30 °i + cos 30°cos 30°j - sin 30°k 
= 0.4330Î +0.75j —0. 5 k 

F ' =/ )“r, =3 °(0.4330i+0.75j-0.5k) lb 
= {12.990i + 22.5j-15.0k) lb 

Vn,t Vector: One can obcain the angle o = 135" for F 2 using Eq.2 - 1 ° 

U /5 =cos 135"i + cos 60"j + cos 60°k = -0.7071i + 0.5j + 0 . 5 k 
Projected Componen, of F, Along the Une of Aaion ofF 2 : 

(F,) * =F ' ~ {12.990Í + 22.5J — 15.0k) ■ (-0.7071i + 0.5j + 0 . 5 k) 

= (12.990)(-0.7071) + (22.5) (0.5) + (-15.0) ( 0 . 5 ) 

= -5.44 lb 

Ncgadve sign indicafcs Uiat the proiected componen. (F, >, acts « the opposne 

sense of direcuon to that of u= 

F 1 ' 

The magnitude is (F.) = 5 44 u. 

2 Án s 


im 


2-126. Determine the angle 0 between the two cables 
attached to the pipe. 


The Angles Belveen Two Vectors 8: 

u fi u^ = (0.4330Î +0.75j-0.5k) • (-0.70711 + 0.5J + 0.îk) 
= 0.4330(-0.7071) +0.75(0.5) + (-0.5) (0.5) 

= -0.1812 



8 = cos' 1 ( u^ Ujj) = cos' 1 (-0.1812) = 100° Ans 


F, = 30 Ib 


Vnit Vector: 


u F = cos 30°sin 30°i + cos 30°cos 30°j - sin 30°k 
= 0.4330Í +0.75j-0.5k 


u^ = cos 135°i + cos 60°j + cos 60°k 


= -0.7071i + 0.5j + 0.5k 


2-127. Determine the angle 6 between cables AB and 
AC. 


Position Vector: 


r t , = {(0- 15 )i + (3-0)j + (8-0)k) ft 
= {-15i + 3j + 8k) ft 

r<c = {(0- 15)i + (—8 — °)J+(12—0)k} ft 
= {-15i-8j+12k) fl 


The magnitudes of the postion vectors are 


r A , = V(-15) 2 + 3* + 8 * = 17.263 ft 
r tc = V(-15) 2 + (- 8 ) J + 12 2 = 20.809 fi 


The Angles Between Two Vectors 9: 


r^c = (-!5i + 3j + 8 k) (-15Ì-8J+ 12k) 
= (-15) (-15) +(3) (- 8 ) + 8(12) 

= 297 ft 2 


„ ,.i ( r *s ’ r AC ì . -i [ 297 - 1 = 34.2° Ana 

8 ~ l r A ,r tc j L 17.263(20.809)J 
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2 ' 128 ■ {{ F has " 

míi gnitude of iic n ma S n ' tu <Jc of 55 /k j 

3XÌS a )ong C ° mPOnent acting r n mC h : h ; Vtctor „• 


U AB ■■ 



—J 0J4k 

F = = 5î(-o. 86g9l . + 

= f^7.79i/ + 9j5 ' + ® J < + 34k) “> 

Vtcior ■ 71 ,- . 8j + 23 - 4 *9k) «, 

wr * "^unit vcctoraJon» 

to r aJong negaoVe jt axis and ^ c „ 


u ^ = 


= -í 

P'ojtcttd Conipootoi of p . 


^> e projected oomponem act< »i n A “ 

= - 9. From U,c ioJu *. ^***** U5ing 

íic = 55coj 34.2" = 4J.5 ft 


sheet-metal bracfcet.'^ @ betwee n the edges of the 


"400 mm 


250 mm 


300 mm 

/ 

" 50 mm 


r ' ~ {400i + 2S0k } , 

^ = {SOi + 3 00j} mn 
e , -r 2 = 


471.70 


rara 


(W)(50) + 0( 300) + 


0 = r. 


r 2 = 304.14 m m 
250(0) = 20000 


eos'V-i—îí) 

r . r - ‘ 


cos-' ( ____20000 

^^TÒJpÔÏJmJ^ = *2.0° 


Ans 
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2-130. The cables each exert a force of 400 N on the 
post. Determine the magnitude of the projected 
component of Fi along the line of action of F 2 . 


Forct Vtclor: 

u f[ = sin 35°cos 20°i - sin 35°sin 20°j+co» 35°k 
= 0.5390Î -0.1962j+0.8192k 

F, =/ju f| =400(0.5390i-0.1962j + 0.8192k) N 
= {215.59i-78.47j + 327.66k} N 

VhU Vtctor: The unit vector along the line of acdon of F 2 is 

u^ = cos 45°i + cos 60°j+cos 120°k 
= 0.7071i+0.5j-0.5k 

Projtclti Compontnt of F, Along Lint of Action ofVj : 

(F,) Fj =F, u fi = (215.591 -78.47j+327.66k)• (0.7071Ì+0.5j-0.5k) 

= (215.59) (0.7071) + (-78.47)(0.5) + (327.66) (-0.5) 

= -50.6 N 

Negaúve sign indicates that the force coraponent (F, ) f] acts in the opposite sense 
of direcuon to that of u fj . 

thus thc magnitude is (F, = 50.6 N Ans 


2-131. Determine the angle 6 betvveen the two cables 
attached to the post. 


Vnit Vtctor: 


u fi = sin 35°cos 20°i -sin 35°sin 20°j+cos 35°k 
= 0.5390i - 0.1962J+0.8192k 

u^ = cos 45°i + cos 60°j+cos 120°k 
= 0.7071i+0.5j-0.5k 


Tht Anglts Betw ttn Tw 0 Vtctors 6: The dot product of two unit 
vectors rausl be deterrained fiist. 

u Fi u Fj = (0.5390i-0.1962j+0.8192k) (0.7071i+0.5j-0.5k) 
= 0.5390(0.7071) + (-0.1962) (0.5)+0.8192 (-0.5) 

= -0.1265 


0 » cos'* ( u f[ • tt fj ) * cos’* (—0.1265) = 97.3° Ans 
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♦2-132. Determine the angles 0 and </> made between 
the axes OA of the flag pole and AB and AC, respectively, 
of each cable. 





Jv = 40 N 


V AC = {-2i -4j + lk} m ; r - 


r AB = {l.Si - 4j +3k} m; 
t ao = { — 4j — 3k} m; 


k ac ~ 4.58 m 


r AB - 5.22 m 


r Ao — 5.00 m 


r AB r AO - ( 1 . 5 )( 0 ) + (— 4 )(— 4 ) + ( 3 )(_ 3 ) _ 7 
0 - cos~ l ( — B fi4 ° ) 

r AB r AO 

“ C0S " ( Ii^W ) = ^ 4 - 440 = 74 . 4 = 

r AC r Ao = (- 2 )( 0 ) + (— 4 )(— 4 ) + ( 1 )(— 3 ) = 13 
^ = cos~ 1 ( c r<4 °) 


C0S ( 4.58(5.00) J ~ 55-4 ° An * 


2-133. Determine the magnitude and coordinate direcUon 
angles of F 3 so that the resultant of the three forces aets 
along the positive y axis and has a magnitude of 600 lb. 


K = 180 lb 



F 2 = 300 lb 


f =TF 0 =-180 + 300 cos30°sin40° + F 3 cos a 

Ffy = ZF y ; 600 = 300 cos30°cos40° + F, cos0 

F„ t = ZF t ; 0 = - 300 sln30° + F, cosy 

cos 2 a + cos 1 p + cos 2 y = 1 


F, = 428 lb Ans 


p = 20.6° Ans 

r = 69.5° Ans 




2-134. Determine the magnitude and ^oordinate 
direction angles of F 3 so that the resultant of the three 
forces is zero. 


F K , = ZF„; 0 = - 180 + 300 cos30°sin40° + F, cos a 
Fg, = ZF y ; 0 = 300 cos30' , cos40° + F, cos/î 

Fp t — U't '■ 0 = —300 sin30° + F, cos y 



cos a + cos 2 /? + cos 2 y = 1 


F, = 250 Ib Ans 


a = 87.0° Ans 


P = 143° Ans 


r = 53.1° Ans 


2-135. Determine the design angle 0(9 < 90°) between 
the two struts so that the 500-lb horizontal force has a 
component of 600-Ib directed from A toward C. What ìs 
the component of force acting aiong member BAl 



Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). 

Trigonometry : Using law of cosinesfFig. (b)], wehave 


F ba = /600 2 + 500 2 - 2(600) (500) cos 20° 
= 214.91 lb = 215 lb 


feooib 

r® -- 

\ 


The design angle 0 (0 < 90°) can be determined using law of sines 
[Fig. (b)]. 

sin 6 sin 20° 

500 ~ 214.91 
sin 6 = 0.7957 

0 = 52.7° Ai 


«. (oCO lb 

£. y 

500 
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»2-136. The force F has a magnitude of 80 lb and acts 
at the midpoint C of the thin rod. Express the force as a 

Cartesian vector. 

r AB = (-31 + 2j +6k) 

J 


r CB = \t á . = (— 1.5i+lJ+3k) 

/è 


r co ~' r BO - r CB 

Ì/ 


= -6k - 1.51 +lj + 3k 

F = 80 lb 

6 ft 

= -1.51 +lj - 3k 

r co = 3.5 

F = 80( — ) = {—34.3i + 22.9j - 68.6k} lb 


♦2-137. Two forces Fi and F 2 act on the hook. If their 
linef of action are at an angle 0 apart and the magnitude 
of éach force is = F 2 = F, determine the magnitude of 
the resultant force F R and the angle betvveen F* and F^. 


F _ F 
sinŷ sin(6-0) 

sin(0-0) =s sin^ 

6 — <p = <p 




F n = V(F) 2 + (F) r - 2 (F)(F) cos(180° - S) 
Since cos(180° - 0) = -cosô 
F k = F(/2)/l+ cosfl 


. 0. 1 1 + cos 6 

Since cos(-) = y--- 


F„ = 2Fcos(j) 


2-138. Determine the angles 0 and <t> between the wire 
segments. 



r BA = f 0.4j -0.îk} m ; 
r, c = {0.81 + 0.2j -0.5k} m; 


r BA = 0.640 rn 
r nr = 0.964 ra 


r BA- r Bc = 0+ (—0.4)(0.2) + (-0.5)(-0.5) = 0.170 ra 2 
„ 0.170 

" " 008 tei(0.964) > - 74 °“ 

r CB = {-0-8i - 0.2j + 0.5k} m ; r CB = 0.964 m 

r cD = {-0.8i } m; r CD = 0.800 m 

»cj«-*cd = (—0.8)(-0.8) = 0.640 m 2 
0.640 

* ‘ COS ( (0.964)(0.S00) ) = 339 ° A ' 
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compon en tsomTforceF™ ag f6M d + S ir f pro j ected 

d -ectio„ of the cabl« / S 12 ' ~ 40k > N in the 


1 m 


0.751 




1.5 m 


F = {601 + 12j - 40k) N 
(-31 - 0.75J +k) 


~ I 

V(-3) 2 + (-0.75)2 + 12 

= (-0.92311 - 0.2308J + 0.3077k) 

u <c = _ (~31 +J +1.5k) 

V(-3) 2 + ( 1)2 + ( 1 . 5)2 

= (-0.85711 + 0.2857J + 0.4286k) 

ProÌÇ» = F u XJ 

= 60(-0.9231) + 12(-0.2308) + (-40)(0.3077) = _ 70 , 
Proj F Át = 70.5 N Ans 

PwjF tc = F ■ u AC 

= 60(-0.8571) + 12 ( 0.2857) + (-40)(0.4286) = -65.1 
Pr °J F*c = 65.1 N Ans 


'“îo-pon “i'tUTh 

of the pipe j ‘ lb f0rce actm S alo °g the axis BC 

u rr = ig.- 6 > i - t -(12-4)J + [0-(-2)lk 
l/(O-6)2 + (12-4)2 + (0-(-2)J2 
= -0.58831 + 0.7845J+0.1961 k 

F = Fu cd = 100(-0.5883i + 0.7845j + 0.1961k) 

- {-58.8351 + 78.446j + 19.612k) lb 
Vnit Veetor: The unit vector along CB is 


u„ : 


= -0.8018Ì - 0.5345j+0.2673k 
Frojeetti Component of F Along CB : 

Fc,= F' u cs = (-58.8351 + 78.446J+ 19.612k ).(-0 goig. n , 


Ans 


8ft 


6 ft' 


F= 100 lb 


2-141. The boat is to be pulled onto the shore usine two 
ropes. If the resultant force is to be 80 Ib, directed along 

T aÍd e p a a; t Tnf° Wn ’ d , etermme the m agnitudes of forceS 
and P actmg in each rope and the angle 0 of P ,. s a 

mimmum. T acts at 30“ from the keel as shown. 


From thc figure P is mínimum, when 






0 + 30° = 90° ; 

0 = 60° 

Ans 

-JEH 



- gQ 15 

P 

80 






sin30° : 

T 

sin90° 

80 

: P = 40 Ib 

Ans 





sin60° 

sin90° ' 

T m 69.3 lb 

Ans 
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-'-3-4. Determine the magnitude and angle H of F so that 
the partiele is in equilihrium. 


Fcose + 2.25 cos60° - 4.5 - 7.5 sin30° = 0 



ao ztts ?■t 

equilrbrium. Set e = 60° 1 a ° d for 


Equation of Bqmiibrium : 

EF x =0; cos 60° + /5 siri 70“ - Sco» 30 0 - ì * 0 
0.5F, +0.9397F 2 =9.9301 5 

+ Tl^=0; ^cos 70°-/^ jjn 60“+5sin 30°-7f-) = o 

0.3420 F 2 - 0.8660 F t = 1.70 5 

Solving Eqs.flJ and [2] yields 

* 1.83 kN /5 = 9.60 kN AnJ 


m 


Í2J 
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3-6. The members of a truss are pin-connected at 
joint O. Determine the magnitude of Fi and its angle 0 
for equilibrium. Set F 2 = 6 kN. 


Equalions of Equilibrium : 

í+ZF t =0; F,cos0+6sin7O°-5cos3O°-7^ = O 
fjcos 0 = 4.2920 

+ îr^*0; 6cos7O°-^sin0+5sin3O°-7^j = O 


F. sin 0 = 0.3521 


Solving Eqs. [1] and [2] yieids 


0 = 4.69° F. = 4.31 kN 


3-7. The device shown is used to straighten the frames 
of wrecked autos. Determine the tension of each segment 
of the chain, i.e., AB and BC , if the force which the 
hydraulic cylinder DB exerts on point B is 3.50 kN, as 
shown. 


Equations of Equilibrium : Adirect solunon for F lc can be obtained by 
summing forces along the y axis. 

+1 ZF r = 0; 3 Jsin 48.37° - F Jc sin 60.95° = 0 




400 mm 250 mm 


F, c = 2.993 lcN = 2.99 kN Ans 

Using the result F, c = 2.993 lcN and summing forees along x axis, we have 


48-V'V 


l*ZF t = 0-. 3 Jcos 48.3|° + 2.993cos 60.95° -F„= 0 

F„= 3.78 kN A 


35W 
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3-10. The 500-lb crate is hoisted using the ropes AB and 
AC Each rope can vvithstand a maximum tension of 2500 
lb before it breaks. If AB always remains honzontal, 
determine the smallest angle 0 to which the crate can be 
hoisted. 


Case 1 : Assume T Á g = 2500 lb 



= 0 ; 


2500 - T AC cosfl = 0 


+1 ZF y = 0; T^c sinS - 500 = 0 


0 = 11.31° 


Case 2: Assume T.c 
+ t ZE = 0; 


->ZF X = 0; 


T Ác = 2549.5lb > 2500 lb (N.G!) 


2500 sin0 - 500 = 0 


0 = 11.54° 


T iB - 2500 cosl 1.54°= 0 
T áB = 2449.49 lb < 2500 lb 


Thus, the smallest angle is 0 = 11.5° 


3-11. Two electrically charged pith balls, each having a 
mass of 0.2 g, are suspended from light threads of equal 
length. Determine the resultant horizontal force of 
repulsion, F, acting on each ball if the measured distance 
between them is r = 200 mm. 


F - T(—) = o 
150 


A 3,5ooU> 



+1 ÎF y =0; 


(1502 - 752 \ I 

150-0.2(9.81)(10 -3 ) = 0 VH p 


T = 2.266(10 -3 ) N 


F = 1.13 raN Ans 


'.'■id.Sl'iH 


81 



: ria.bloasoot.com 


c™ e ""gr,“ f.T'iií “ h,! ‘ Wcisl " °' 400 »> 

"" ” ““ »«. ab ÏSS?"™" 

neeaed to support it. 


Fr« Bodj Dlagram ; By ob Ser v«io„. abfcMÍ h» <D SU p portthe 
enure weight of the concrete pipe. Thus, 

^=400«, An , 

The fcnsion foree in cable CD ts the saree threughout tfte cable, ta is 
r ar — ran. 



Equations of Equilibrium: 

♦ 

=0; sin 45° - /J c s in 45° = 0 

f bc = E tc = F 

+ T ZFj = 0; 400 - 2íco S 45° = 0 

F = f bd = f cb = 283 Ib 


■ ' Ab =4oo IL> 


3-13. Determine the • 

equilibrium of the 2-kg block ThJ D ^ Spring for 

the equilibrium position. ™ SPnngS 3re shown ln 





f bd = 2(9.81) = 


J 4i> = 0.4905 i 


~* FF 'x = 0 ; 


+ t ZF- 0 . 


~ f ac(~)= 0 

V ^ 

+ - 2(9.81) = 0 

Sc = 15.86 N 






, _ 15.86 

' <C 5?T = 0.793 i 


= 14.01 N 


AB 3 o ' ~ 0.467 m 


82 



www.usacingenieria.blogspot.com 



83 




www.usacingenierta.tHogspot:eom- 


*' ™r™ «w» of «* flo.„po, 
of 50 Ib either » 1 , «“Tc 


Equations of Equilibrium : 


* = 0; i^ c sin 30' 




F ac = 120F ab 


+ ÎSÇ-0; F ac cos 30° + r AB 




0.8660^ c + 0.8^ s = W 

Smce F ac > F ab , failure will occur first at cable A C with F ÁC = 50 Ib. 
Then solvuig Eq. [1] and [2] yields 



F ab = 41.67 lb 
W = 76.6 lb 






8 io \ rzFf 



Fco cos0 - 65(^1) = o 

F co °ine- 6s _ 6S( 12 )=o 

6 = tan ' , (5) = 78.7° A 

f cd = 127 lb 
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3-21. The ball D has a mass of 20 kg. If a force of F = 
100 N is applied horizontally to the ring at A, determine 
the largest dimension d so that the force in cable AC is zero. 



Equations of Equilibrium : 

2*x/r > 0 ; 100 -F*,cos® = ° F„cos 8=100 

+ T ZF r = 0; F„sin 8-196.2 = 0 F„sin 8= 196.2 

Solving Eqs.ll] snd [2] yields 

8 = 62.99° Fn = 220.21 N 



20(<)-8Ú*/9è z H 


From ihe georoeny. 


d +13 = 2on 62.99° 
d = 2.42 ro 
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T ab — 34.6 lb Ans 
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♦3-24. Determine the magnitude and direction 8 of the 
equilibrium force F AB exerted along link AB by the 
tractive apparatus shown. The suspended mass is 10 kg. 
Neglect the size of the pulley at A. 



Frtt Bodj Diagram : The eniion in ihe coid is Ihe saroe ihroughout the 
cotd. thatis 10(9.81) =9.81 N. 

Equations of Equilibrium : 

UlF.=0-. /^ t eos8-98.1cos 75“-98.1cos 45* = 0 

F ai cos6 = 94.757 [1] 

+ Tl^ =0; 98.1sin75°-98.1sin45»-/i t sine»0 

F A ,sin 6 = 25.390 [2] 


/O(9'80 s ?ÍTd 


75 A A 


Solving Eqs.fl] and [2] yields 


/o{9SO-96ib 


8=15.0° F a , = 98.1 N 
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3-27. The lift sling is used to hoist a container having a 
mass of 500 kg. Determine the force in each of the cables 
AB and AC as a function of 8. If the maximum tension 
allowed in each cable is 5 kN, determine the shortest 
lengths of cables AB and A C that can be used for the lift. 
The center of gravity of the container is located at G. 



Fr „ Boij Diagram : By observation. the force F, tus 10 snpporl *e 

Equations of Equilibrium: 

F iC <xxe-F t ,cosB = 0 F tc = F t ,=F 

+1 ï/ỳ = 0; 4905 - 2Fsin 8 = 0 F= {2452.5csc 6} N 

Tbos. /ûc *F t , uF* {2.45csc 6) kN An, 

If the maximum aUowsble tension in the cable is 5 kN. then 

2452.5csc 0 = 5000 
B = 29.37' 


F^çoc&òc 


e VIV® 


From«hegeometry. « » 29.37».Tberefom 


1 » — -= 1.72 m 

cos 29.37» 
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♦3-28. The load has a mass of 15 kg and is lifted by the 
pulley system shown. Determine the force F in the cord 
as a function of the angle 6. Plot the function of force F 
versus the angle 8 for 0 s 8 s 90°. 


í ìtí) 

Frtt Body Diagram : The tenjion force U the same throughout the cord. 
Equaíions oj Equilibrium : 

l*ZF t =0: FsinB - Fsind = 0 (Saíisfitd!) 

+ T 1F, = 0; 2ícos 8- 147.15 = 0 

F= {73.6scc 0} N Ans 



3-29. The picture has a weight of 10 Ib and is to be hung 
over the smooth pin B. If a string is attached to the frame 
at points A and C, and the maximum force the string can 
support is 15 Ib, determine the shortest string that can be 
safely used. 


Frtt Bodj Diagram : Since the pin is sroooth, thc tetuion force in 
thc cord is the same throughout the cord. 

Equations of Equilibrium : 


4 ZF, = 0; Tcos 0 - 7cos 0 = 0 ( Satisfied!) 

+ î IF = 0; l0~2Tsin 0 = 0 T= 

1 sin 0 

If tension in the cord cannot exceed 15 Ib, then 



0 = 19.47° 


From the geomctry. - =-- and 0 = 19.47°. Therefore 

2 cos 0 
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3- 30 The 200-lb uniform tank is suspended by means 

tank and n" 8 Cable ' W ^ Ch ÌS aUaChed to the sides o{ the 
tank and passes over the small pulley located at O If the 

cable can be attached at either points 4 and B or C 

and D, determme which attachment produces the least 

amount of tens.on in the cable. What is this tension? 


Free Body Diagram : By obíerviáan, the force F has to support the 
entire wetghtof the tuk. Thus, F-200lb. Thetension in cable isthesame 
throughout the cable. 

Equations of Equilibrium : 

2» 1F Á = 0; rcos 8 -Taa 8-0 (Satiifiedl) 

+ ÎIF,-0; 200 — 2rsin 8-0 T-— ,,, 

sin 8 

From the function obtained above, one realizes that in order to produce the 
least amount of teosion in the cable, sin 8 hence 8 must be as gteat as 
possible. Sincethe attadunent of Ihe cable to point C andf> produces a 

greater8 ( 8 - oos 1 í - 70.Î3’) as compared to the auachrront of the cable 
topointsA and 8( 8 - cos~ l j » 48.19°) , 


The attochment of the cable to point C and O will produce 
the least amount of tenslon In the cable. 


Thus, 


r- 


100 

sin 70.53° 


* 106 Ib 


Ans 
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■3-33. A “scale” is constructed with a 4-ft-long cord and 
the 10-lb block D. The cord is fixed to a pin at A and 
passes over two small pulleys at B and C. Determine the 
weight of the suspended block E if the system is in 
equilibrium when s = 1.5 ft. 



Fnt Bodj Diagram : The tension force in Ihe cord is ihe stnv Ihroughout 
ihe cord, that is 10 Ib. From ihe geometzy, 

e ‘ iin "(S)- 23 - 3f,í - 

Equatloiu of EquUibrium: 


ÏF. « 0; lOsin 23.58° - lOsin 23.58” - 0 (Smlsfltd!) 

+ Tl^»0; 2(10)eos 23.58“-m»0 

W, - 18.3 lb Ans 


0-5 ft 



W £ 


X 
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«*3-35. The spring has a stiffness of k = 800 N/m and 

sholvn ° Whe " the Sprin § is he,d in ' h « Position 


r*« Foret m The Spring : Thespring jtraches s = /-4 «0.5-0.2 
= 0.3 m. Applying Eq. 3 - 2, we have 

F, f =ks = 800(0.3) = 240 N 


Equations of Equilibrium : 

-»J^=0; F Jc cos 45° + 240 = 0 

0.707 l)î c + 0.8/ì o = 240 

+ Î 2 J 5 =0 . F tc sm 45° -/J 0 ^jJ = 0 

F.c = 0.8485/iû 

Solving Eqs. f 1] »nd (2) y*kls, 


3 36. The sling BAC is used to lift the ìm ih i a • . 
constant velocitv. Determine the r • ® X ‘ b load Wlth 
its value T (ordinatei as f orce ln the sling and plot 
where 0 sûs 90° functl °n of its orientation 0 , +T „ __ Q . 



ỳj 400 mm 




) 300 mm 



100 - 2TcosO= 0 


toeU T 
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-3-40. The 30-kg pipe is supported at /1 hy a system of 
five cords. Determine the force in each cord for 
equilibrium. 



+ Î£^ — 0; 


= 0 ; 


+ î =0; 


-+XÇ = 0; 


T A , sin60° - 30(9.81)= 0 

T a , = 339.83 = 340 N Ans 

T ae - 339.83 cos60° = 0 
T ae = 170 N Ans 

3 

7»d(~) - 339.83sin60° = 0 
T, d = 490.5 = 490 N Ans 

Tec 

490.5(í) + 339.83 cos60° - T BC = 0 



T«e 


X 


3o(9.fl)í4 
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3-41. Determine the magnitude and direction of F, 
required to keep the concurrent force system in 
equilibrium. 


Cmrutitut Vtctor Notation : 

F i * F i.l + f : i,J + fì.k 

s: {—500j} N 

-2i-6j + 3k 


F, =400 


= (-114.29Ì -342.86j+ 171.43k) N 


l^(-2) 2 + (-6) 2 + 3’J 

F, = 300{cos 30°j + sin 30“k) N = {259.81j + 150.0k) N 

F s = {—450k) N 

Equations of Equilibrium : 

IF = 0; F, + F 2 + F, + F, + F s = 0 

( F 1m - 114.29) i + ( - 500 - 342.86 + 259.81) J 

+ (F ,_ + 171.43+ 150.0 - 450) k = 0 


Equítmg i, j and k componcnLs. we have 
-114.29 = 0 

-500 - 342.86 + 259.81 =0 
/^ + 171.43+150.0-430 = 0 

The magruude of F, ù 


F lt = 583.05 N 
F ít = 128.57 N 


* * '! F i. +f ?, +/ ?. 


= /114.29* + 583.05 2 + 128.57* 
= 607.89 N = 608 N 


Aits 


The coordinate direction angles are 


a = cos 1 - 

î.ì- -,(114.29' 
'i J 1607.89. 

= 79.2° 

Ans 

P = cos'* 

-ì = co S -’í m °^ 

1 J V 607.89 J 

= 16.4" 

Ans 

r=c ° r 'G 

i.) -,(128.57 > 

J 1.607.89 > 

= 77.8" 

Ans 
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3-42. Determine the magnitudes of Fi,F 2 , and F 3 for 
equilibrium of the particle. 


F, = {cos60°i 4- sm60°k } 
= {0.5F, i + 0.8660F, k } N 


F 2 =F 2 { ?i-fj } 



= { 0.6F 2 i - O. 8/5 j>N 
Fj = Fj { -cos30°i - sin30°j } 

{-0.8660/51 ~ 0.5/5 j }N 
î/ì = 0 ; O. 5/5 + O. 6/5 - O. 866 O /5 = 0 

2^5 = 0; -O. 8/5 - 0 5/5 + 800sin30° = 0 

^ = 0; 0.8660 /5 - 800cos30° = 0 

/5 = 800 N Ans 

/5 = 147 N Ans 


3-43. Determine the magnitudes of F,,F 2 , and F 3 for 
equilibrium of the particle. 


E/r =0; F, sin30° - 2.8 = 0 

F, = 5.60 kN Ans 



XF y = 0; 8.5 cosl5°- (—)F 2 = 0 


F 2 = 8.55 kN Ans 


ZF X =0; Fj - 5.6cos30°-8.55(^) - 8.5sinlS« = 0 


F, = 9.44 kN Ans 
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**3-44. Determine the magnitude and direction of the 
force P required to keep the concurrent force system in 
equilibrium. 


z 



Cartcílan Vtctor Notation: 

F, = 2{cos 45°i + cos 60°J + cos 120°k} kN = {1.4141 + l.OOj- 1.00k> kN 
E, ~ l îi4,3j + 3k - |-{-msm J .osni4.osnk\ kN 

Fj = {-0.50J} kN 
P = P,l + P y j + P t k 
Equations of Equilibrium : 

ZF = 0; Fj+Fj+Fj+P^O 

(P, + 1.414—0.250) i + ( P, + 1.00+0.50 - 0.50) j + (P, - 1.00 + 0.50) k = 0 
Equadng i, j and k coraponenB, we have 

P x + 1.414-0.250 = 0 P, =-1.164 kN 

P r + 1.00 + 0.50 - 0.50 = 0 P r = -1.00 kN 
P t -1.00 + 0.50 = 0 P t = 0.500 kN 

"Ihe magnitude of F, is 

P = {pf+PpïPÌ 

= V (—1-164) 1 + (-1.00) z + (0.500)1 
= 1.614 kN= 1.61 kN Ans 

The coordinale direction angles are 


a = cos”'^ 


Ans 

P = c° s "' (j 

l)—"(îîïï)- OT 

Ans 

r=cos-(í 

i)-'S)— 

Ans 


u 
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3-46. If cable AB is subjected to a tension of 700 N, 
determine the tension in cables AC and AD and the 
magnitude of the vertical force F. 



CartaUm Vtctor Notation : 

„ ( 21 + 3j — 6k ) 

F,, =700 . = {200Í + 300j -600k} N 


r *C * r AC 


*AO = ‘AO 


(V2 2 + 37 + <-6) j , 
-1.3i + 2j-6k 


1 iV /(-1.5) 2 + 2 2 + (-6) 2 
-3i-6j-6k 


= -0.2308fr c | + 0.3077F AC j-0.9231F, c k 

= -O.3333^ 0 i -0666-!F iD ì-0.6661F AD k 


lv'(-3) 1 + (-6) 2 'K-6) 2 J 

r = fk 

Equaiions of Equitibrium : 

EF = 0; F„ + F, c + F, o + F = 0 

(200 - 0.2308/^ c - 0.3333/^ o )i +(300+ 0.3077/^ c —0.6667/^ 0 )j 
+(-600 - 0.9231/i c -0.6667^ o + F)k = 0 

Equaong i, j ind k componenls, we have 


200 - 0.2308/^ c -0.3333^ D = 0 

[1] 

300 + 0.3077/^ c -0.6667 F AD = 0 

12 ] 

- 600- 0.9231 F ac - 0.6661F iB + F = 0 

[3] 

Soiving Eqs. [1J, (2) and [3] yieldj 

F tc ■ 130N F ad = 310N F= 1060N» 1.06kN 

Ana 
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3-47. Determine the stretch in each of the two springs 
required to hold the 20-kg crate in the equilibrium 
position shown. Each spring has an unstretched length of 
2 m and a stiffness of k = 300 N/m. 


X " 


Cmrlesian Vector Nototion: 



=-f 0 ,i r„- f ob' 

F = {-196.2k} N 


Equations of Equilibrium : 

IF = 0; F oc + F m + F oj +F = 0 

i^jFoc * Eo») + (^oc - f oa]ì*{^ f oc - ^ 96 - 2 )* = 0 
Equaúng i, j and k componeno, we have 


- F oc - F oi - 0 

Ul 

~ f oc~ f oa =0 

[2] 

^ 00 - 196.2 = ° 

[3] 


Solving Eqs.m. [2] and [3] yields 

F x = 228.9 N F 08 = 98.1 N F 0 „=65.4N 

Spring Elongaíion : Using spring fotmula, Eq.3-2, thespring 
F 

elongahon is , = -. 


« 0.327 m = 327 mm 

" 300 

= — = 0.218 m = 218 mm 
0 * 300 


Ans 

Ans 
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DB, and DC. h su PP ortln g cables DA, 



““ = { h' ~ £ + é k > 


UDC=í 'fe 5, + 5ÍJ + é''} 


ZF, = 0 


J3 

II 

o 

1.5 

4.5^ 

2^=0; 

43^ + 


Fda = 10. 


^db — ì.i; 


Fdc = 15.Í 


Feí _ F*t 


■3-49. The 2500-N crate is to be hoisted with constant 
velocity from the hold of a ship using the cable 
arrangement shown. Determine the tension in each of the 
three cables for equilibrium. 


F= 2500 N 



_ _ -0.751+ lj-3k 

*ad , - — . = =-0.2308F, D l + 0.3077F <o J-0.9231F; I ,k 

^V(-0-75)a + +(-3)a J iD 

_ _ í li + 1.5j-3k ì 

F AC=F AC -7 = =0.2857í; c i+0.4286F, c j-0.8571F, c k 


fl 1 +1.5 J +(-3)î, 
11 - 3J - 3k 
'lJ + (-3) ! +(-3)2 


= 0.2294 F a t i-0.m2F Á ,i-0.m2F A ,k 


F = (2.5k)kN 


£F = 0; F ad + F aí +F <c + F = 0 
(-0.2308/; „ I + 0.3077 F Á D j - 0.923 ÌF, D k) 

+ (0.2294/;, I - 0.6882/;, j-0.6882/;, k) 

+ (0.2857/; c i + 0.4286F, c J-0.8571F, c k) + (2.5k)=0 
( -0.2308 /; d + 0.2294/;, +0.2857F, c )i 

+ (0.3077/; D - 0.6882/; , +0.4286F, C )J 

+ (-0.9231F, D -0.6882/;, -0.8571Z; C +2.5)k = 0 


ZF, = 0; - 0.2308F, D + 0.2294F, , + 0.2857F, c = 0 

ZF r = 0; 0.3077F, 0 - 0.6882F,, + 0.4286/; c = 0 

ZF, =0; -0.9231F, 0 - 0.6882F,, -0.8571F, C +2.5 = 0 

Solving Eqs.[l] f [2] and [3] yields : 

F ab = 0.980 kN F ac = 0.463 kN F AD = 1.55 kN 
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W aci ffl!^Sfp b k 0 â sp a 0t m c Ss m s of 15 kg and is supported 
by a pole AO and cables AB and AC. If the force in the 
pole acts along its axis, determine the forces in AO, AB, 
and AC for equilibrium. 


z 



W = 15(9.8ï)k = {-147.15k)N 

LF , = 0: 0.3077^0-0.6667/-^ - 0.2857/> c = 0 

LF , = 0; - 0.23087) o + 0.3333Ç, + 0.42867, c = 0 

ZF, = 0; 0.9231 F„ 0 - 0.667 F AS - 0.8571Ç C - 147.15 = 0 
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3-53. The boom supports a bucket and contents, which 
have a otal mass of 300 kg. Determine the forces developed 
in struts ADaná AE and the tension in cable AB Un 
equilibrium. The force in each strut acts along its axis. 


Cantsian Vactor Notation: 


= - { ~3J + 1.2J k ì 12 5 

2* f 13^ sJ + Î3^*‘ 



-2i + 3j + 6k 


1^73^ I - ~ f ao‘ + jF ao j + - F/ iB k 


*• _ r I 24 + 3j + 6k ì 2. 3 6 

’ 7^ i+ 7^ + 7^ k 


F = {—2943k} N 
Equations of Equilibrium : 


F « + F, 0 + F a£ + F = 


(~7^ d + 7^*) Í+ (~T5^ j + \ F * d + 

+ (ïï^* + 1 f * d + \ F *t ~ 2943 ) k = 0 


Equatmg I. J and k componems, we have 


2 „ 2 

~ï F AD + -jF, 1 £ =0 

12 3 3 

13^* + 7^ d + 7^ £ = ® 

5 6 6 

JÎ F ab + ŷíio + -F a£ -2943 = 0 


Solving Eqs.(l|, [2] and [3] yields 




F--—-y 


/ 'í r,+ i f- 5cc(ïfi ■ - : -y. : , 


Fae ~ F ab - 1420.76 N = 1.42 lcN 
F a , = 1319.28 N=l.32 kN 
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3-54. Determine the force in each of the three cables 
needed to lift the tractor which has a mass of 8 Mg. 


Cartesian Vector Notation : 


ÏA»=/Ù. 


21 - t.25j- 3k 


+ (-1^5) 3 (-3) 2 


0.5241 F a , i - 0.3276F*, j - 0.7861t 


F. r = F ÁI 


2i + 1.25J-3k 


V^2 2 -t- i.252-f-(-3) 2 J 


= 0.524 lF iC l + 0.3276 F t C J - 0.7861 F Á c l 


— fù/ 


-li-3k 




-0.3162^ D i-0.9487/^ok 


F = {78.48k} lcN 


Equations of Equilibrium 

£F = 0; F„ + F, c + F, o + F = 0 

(0.5241^, + 0.5241/r c -0.3162F Al) )i + (-0.3276/^, +0.3276F, c )j 
+(—0.7861/û* -0.7861Ç C -0.9487/^0 + 78.48)k = 0 


Hquatíng i, j and k coraponems, we have 

0.5241F,, +0.5241F <C -0.3162^,0 = 0 

-0.3276Ç, +0.3276/r c =0 
-0.7861 F a , - 0.7861/r c _0.9487 F iD + 78.48 = 0 


Solvrng Eqs.fl], [2] and [3] yields 
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,clin8 ,lon8 ,te *» «'«d. 

tS needed ,0 su PPort the 500-kg block. 



r. - f,(LLí 2 5 k ì 

I 3.905 J 
» 0.7682 f, J + 0.6402 7, k 

Fc - 

l S. 64Ô J 

* °- 1330 F c I - 0.8865 f c J. 0.4432 F c k 

F 0 - «Y-?- M< -3J-Z5^ 

V 5.728 J 

» -0.2182 F d i - 0.8729 F 0 J - 0.4364 F D k 

W .-500(9.81) k » -4905 k 

£F»0; F, + F c + r 0 +W . 0 

1 F ' " 0 • 0.1330 F c - 0.2182 F D .0 

r F > * 0 : 0.7682 F, - 0.8865 F c - 0.8729 F„ » 0 

1 F * " 0; 0.6402 F, - 0.4432 f c - 0.4364 F D - 4905 » 0 

F, » 19.2 kN An 

Ffc » 10.4 kN Aoi 

Fd » 6.32 kN A» 


ÍOO(5.?I)M 
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3-58. The 80-lb chandelier is supported by three wires as 
shown. Determine the force in each wire for equilibrium. 


90°—135° 
1 ft I 



ZF X = 0; 

2.6^ c 

Jí 

ll 

© 

1 

_ Z6^° 

J3 

II 

o 

2.4 

T Fj. r- + 
2.6 * c 

Solving, 



F»c 





tou 


F AB = 35.9 lb 
Fac — F ad = 25.4 lb 


3-59. If each wire can sustain a maximum tension of 120 
Ib before it fails, determine the greatest weight of the 
chandelier the wires will support in the position shown. 

Z L 




SF, = 0; 

l6 f<C 


1 - 

J3 

H 

O 

~2Ì6 F * 


2.4 

= 0; 

—íic 
2.6 AC 


Assume F AC = 120 lb. From Eq.(l) 

— (120) - ~Ub cos45° = 0 
2.6 2.o 

F ab = 169.71 > 120 lb (N.G!) 

Assume F ÁB = 120 lb. From Eqs. (1) and (2) 

_1_ f — _L(120)(cos45°) = 0 
2 . 6 * 2.6 

p AC = 84.853 lb < 120 lb (O.K!) 

- t 6 f " + r6 (120,s,n45 ° = 0 

F = 84.853 lb < 120 lb (O.K!) 




Hb F áD + F ab ) = 267.42 = 267 Ib 


W = ~z(Fac + f *d + 
2.0 
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Ctru.itn Vtctor Notalion : 



= 0.6^,j-0.8/^,k 


= 3005 30°i-3sui 30 ° 1-41. 

30°)' + (-3 s jn 30°) 2 + (-4)2 

= OSm Zc‘-0.3f, c J-0.8F AC k 


F.„*F lr f_ 3cos 30°i - 3 5u1 3Q° 1 - 41 , 'j 

1,V<-3coj 30°) 2 + (—3sin 30°) 2 + (- 4 ) J I 
= -0.5 I 96^ o ,-0.3^ oj -0. 8/ , ok ^ 

F = {900k} ib 

Equations of EquiUbrium : 

a ' = 0: f ,.+V + f, 0 + F = o 

( 0 .îl96^ c -0.5196^ o ), + ( 0. 6 ^_0 3^ c _ 03/ . o)j 

+ (-0.8^, - 0.8/r c _ 0 .8^ o + ooo) k = „ 


Equuìng j, j utd k componenB, w eha ve 


0.îl96^ c _0.3196^ o = 0 

°- 6f ab ~0.3F ac -0.3F ao = 0 [1 

~O.SF a , -O.SF ac -O.ÌF ad + 900 = 0 £ 

Solving Eqs.fl), [2] »d [3] y*kb 

F „-Ç c = Ç 0 = 375Ib Anj 

subjected to . same “ Symme,lry 311 «*'« «e 

«xis yields ~ r *c = F AD = F. Summing forccs aiong z 

ZF,= 0 \ 900-3F(f] = o F=375Ib 
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3-61. The 800-lb cylinder is supported by three chains 
as shovvn. Determine the force in each chain for 
equilibrium. Take d = 1 ft. 


z 



- 5 o\ ì = -0.7071 F iD ì + 0.7071f AB k 

(/(-i)* + nj 

F,C - F,c|-|=j = 0.7071F <c i + 0.7071f, c k 
_ r f -0.707 1i + 0.7071j+lk 

^(-o.707i)i+o.707n + n J 

= -0.5/ì,i + 0.5Ç,j + 0.7071F,,k 


F=(-800k)lb 



$00\í 


2K = 0; F^ + F^c +V At +F = 0 
(-0.7071/^ +0.107lF AD k) + (0.7071Ç c i +0.7071^ c k) 

+ (-0.5/^ji + 05/^, j + 0.7071/*;, k) + (-Í00k) * 0 
(0.7071F XC -0SF áb ) i + (-0.70715* + 0.5F At ) j 

+ (0.7071/5; D + 0.7071^ c +0.7071 F Át -800)k - 0 


ZF X = 0; 0.101\F AC -0.5F At =0 

ZF 7 =0; -0.7071^^+0^, =0 

ZF t = 0; 0.7071/*; D + 0.107 ÍF A c + 0.7071^, - 800 = 0 

Solving Eqs.[l], [2] and [3] yields : 

F At =4691b F aC = F ad = ^2\ Ib Ans 
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2« ÎÏÏïïîC.’tïï T" s ih - is 

ôî«n’.;,í' 15 ^ '«""""“pSrrS 

â “» z'tz?iï u,m r ihe p— «f 


Carttitam Vtetor Notation: 


p -™í -0-<J-0.15k ì 

" ={ - 28 09j - 10 - 53k} N 


r _ .a| -O.3i + 0.2j-0.15k ì 

l.VÎ-Ó-3) 2 +OJ 1 + (-0.15)*J“ { - 38 - 41i + 2î filj-19.21k} N 

F = {60k} N 

Equations of Equilibrium : 

£F = °; F m +F„ + F^+F=0 
[(/><), -38.4l]i+[(/ỳ, -28.09 + 25.6l]j 

+[(/>< ) £ -10.53-19.21+ 60]k = 0 

Equaiing i, j and k components, we have 

(F M ),-38.41=0 (E fÁ ) t =38.41 N 

(Fta), -28.09 + 25.61 = 0 (F„) r =2.48N 

(/>a) t - 10.53-19.21 + 60 = 0 (F rt ) t =-30.26N 

The magnitude of F„ ù 



fr- _ _ so 3' r ’ 1 
ïr&tJ/ 




î ^ \ !(? /f ^ 


/■'= 


/> W(/>a), ; +(F,,, )]+(/>,)* 

= V 38.412 + 2.482 + (-30.26) 2 = 48.96 N 
The coordinate dirccuon angles are 


■ri^cos- 

f 38.41", 

L />a J C ° S 

148.96 j 

ÍÍM.l =cos -i 

[ 2.48 \ 

JT ^ 

- *>* . 

148.96 j~ 

R/>a) t .1 

f-30.26N 

r ~ cos 

48.96 J = 


Thc wire pa. has a lengtfi of 


PA = _ -015 

°os y ~cos 128.17» =0 - 2427 m 

x 2 PAa>sa = 0.2427cos 38.32» = 0.190m 
y PAcosP= 0.2427COS 87.09» = 0.0123 ra 
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3-63. Determine the force in each cabl 
support the 3500-ib platform. Set d = 4 ft. 




iMM 


Ut \^/' 4 ft > 


' fAo{ 'Vïï7 l + JÏTi* ~ 

= {-0.3698/^ o i + 0.09245/; D j - 0.9245/, o k} lb 
3 10 

Fxc = F . c { -7=j - -t= k) 

/ÏÔ9 /Ï09 

= { 0.2873/i c j - 0.9578F AC k} Ib 

4 . 3 . 10 

ÍÀ» =ÍÏÏ{-F=' - -7=J - “î= k ) 

/Ï25 /25 /25 

= {0.3578Ç,i - 0.2683/;, j - 0.8944f,„k} Ib 

ZF„ = 0; -0.3698/^ D + 0.3578F,, =0 

ZF y = 0; 0.09245 F AD + 0.2873 F ÁC -0.2683 F A , = 0 

ZF z = 0; - 0.9245Ç o - 0.9578F, C - 0.89447,, + 3500 = 0 


^^F. 

fik 


1.42 kip Ans 


F AC - 0.914 Idp Ans 


F ab = 1.47 kip Ans 
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3- (.+, The 80-ib ball is suspended from the horizonta! 
ring using three springs each having an unstretched length 
of 1.3 ft and stiffness of 50 Ib/ft. Determine the vertical 
distance h from the ring to point A for equilibrium. 



£»«-íío« of Equìlibrium : TTm problero idso on be euUy so lved if one 

reabzes thaídueto sy mme,ry aUsprings «subjeoed to.sJL ^Ue fo™ 
of F íp Summing forccs along z axis yields 

£/ î=0; 3F lp cos y-80 = 0 j,j 

Spriog Force : Applying Eq.3-2, we have 

^=*s = i(/-4) = 50 ( r -ii- 1 .î) = Ji_ 75 

Isin y Jsiny [2[ 

Subsbtuting Eq.í2J into fl) yields 


v>«r J 


cos y-80 = 0 


45 

‘«'7=—d-siny) 
10 


Sohring by trial and error, wehave 


Ceometry . 


r = 42.4425° 


. 1-5 _ 1.5 

Un Y tan 42.4425° ' 
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3-65. Determine the tension developed in cables OD 
and OB and the strut OC, required to support the 50-kg 
crate. The spring OA has an unstretched length of 0.8 m 
and a stiffness ko A = 1.2 kN/m.The force in thestrutacts 
along the axis of the strut. 


k n , = 1.2 kN/m 


Free Body Diagram : Thc sprìng strctches j - 4 î 3 l-0.8*0.2 m. Hencc, 

thc spring forcc is F ip = ks = 1.2(0.2) = 0.24 kN = 240 N. 

Cartesian Vector Notation : 


'4-. 



4 T n ' ^ v 


_ _ -2i-4j + 4k 11 2 2 

F o« = F ot 7 ========= =-r/b,i--fo«J + r/b« k 

U<- 2) 2 + (-4) J + 42j 3 3 3 


_4i + 3k 4 3 

Foc * Foc [l^7v I = ~s oci + * Foek 


-ZAod /zr« 


_ _ 2i + 4j+4k 1 2 2 

F oo~ F oo / ■■■ ~ =r/î)oi + r/boj + r/bí) k 

J2 J + 4 J + 4 2 3 3 3 


F„ = {—240j> N F = {-490.5k> N 


Equations of Equilibrium : 


- /oc + /oD ji + ^~jío» + /od ~ 240^j 

/•2 3 2 X 

+ [/ 0 , + /oc - /od ~ 490.5Jk = 0 


Equanng i, j and k componenu, we have 


1 4 1 

- /ot “ /oc + /oo - 0 

“ /oi + /oo ”240 = 0 

/ob * /oc + /od -490.5 = 0 


Solving Eqs.[l] t (2> and [3] yields 




F 0 , = 120 N F oc = 150 N F 0D = 4S0 N 
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3-óï. The pipe is held in place by the vice If the bolt 

m y the direction“ 

t e ' £ “ the f ° rCeS Fa and Fb that the smooth con tacts 
at A and B exert on the pipe. 


-> * 0 ; F, - F t cos 60 ° - 50 (í) = 0 

+ Î 2 /J= 0 ; -F t sin 60 ° + 50 (~) = o 

F t = 34.6 Ib Ans 

F. = 57.3 Ib Ans 


l^Dete^eíheSiíïSe^? Tï ‘ 

F and -F required to „ íi h app ied Vertical force s 
disiance of v = 2 fi Th p ° ml A aw ay from poinl B a aaac.pfinï.irad, 
are a.lache/io ”‘s TcZÍÔ'”* “ D ““ , . . 

F 1 40 15 ft 


P - /W//, 

t- = an m/f, 


* = 40 lb/ft C 



+ T ^=o; 

4aî -° : -*+*#>^o 

r Fs 

/> = 1.732/f 

Pinalstretchis 1.5 + 0.268 , ,. 76gft 

^0(1.768) = 1.732 F 
F = 40 8 ib A „ 


r 7°’ the s P rm 8 s are each stretched 1.5 
ILi li 6 dlstance y if a forcc Of F = 60 lb is 

CADVdCBD* ^ 3nd u 35 Sh0Wn ' 1116 ends of cords 
A ° and CBD are attached to rings at C and D 


k = 40 lb/ft 



k =7 40 lb/ft 


Substitutef in Eq. 1 


40(1.5 + 2 - 2cos0)t 
(3.5 - 2 cosô) ta nG = 
3.5tanf? - 2sinfl = j. 
1.75tan0 - sin© = 0. 


By triai and error : 


y = 2.46 ft 


Ans 
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3-69. Romeo tries to reach Juliet by climbrng with 

constant velocity up a rope which is knotted at point A. +teç = o ; t a , S m 60 ° - 65 ( 9 .gi) = o 
Any of the three segments of the rope can sustain a 

maximum force of 2 kN before it breaks. Determine if Tá ' ~ 12629 N * 2000 N 

Romeo, who has a mass of 65 kg, can climb the rope, and _ 0; T _ 736 2 9 COs60 = _ 0 

if so, can he along with his Juliet, who has a mass of 60 kg, 

climb down with constant velocity? = 368.15 n < 2000 n 

Ycs, Romeo can climb up the rope. Ans 


+ Î£/£ = 0 ; T ab sin 60 ° - 125 ( 9 . 81 ) = 0 



->£/'; = 0; 


TÀa - 1415.95 N < 2000 N 


MlS.OScosSO” = 0 


T tc = 708 N < 2000 N 


Yes Pnnwi and Jnliet ran climb down 



125(?-8í)N 


■3-70. Determine ihe mugnitudes of torces F,. F 2 , and F 3 
necessary to hold the force F = {—9i - 8j - 5k} kN in 
equilibrium. 



= °: F , <=o.60-co«30- + F 2 co»135* + Ìf, 

4 « 5 


2^ = 0; -F { co*60°»in30° + F 2 cos60° + 


= 0. F t sin60° + /^cos60°-/r _ 5 _ 0 

6 


0.433/; - 0.707 F 2 + 0.667F, = 9 
-0.250/; + 0.500F 2 + 0.667F 3 = 8 
0.866/; + OSOOFj - 0.333/5 = 5 


F, = 8.26 kN Ans 


(4 m, 4m, -2m) 
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three ropes. Dete^ne^^^ 1111 ' he log at C b y using the 
1 on his rope with a force o/soT “ ^ he sh '°Ud 

ZT m f ° rCe ° n ‘he io^ - h8f hÊ CXerts a 

f0 th : s case? Also, determine t £ ° rCe on the iog 
ouid PUI1 i n order tQ “ £**çtu,a in which hf 
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■3-72. The ring of negligible size is subjected to a vertical 
force of 200 !b. Determine the required length / of cord AC 
such that the tension acting in AC is 160 Ib. Also, what is 
the force acting in cord AB7 Hint: Use the equilibrium 
condition to determine the required angle 6 for attachment, 
then determine / using trigonometry applied to A ABC. 


mmmmmsMrn 




Equaiions of Equilibrium : 

2, Lf, = 0; /^cosd/P-lôOcos 0 = 0 
+ Tlf,=0; F t ,sin 40° + 160sin 0 - 200 = 0 

Solving Eqs.[l] and [2] yields 

0 = 33.25° 

F it = 175 lb 

Gtomtirj : Applymg law of sines, we have 

l _ 2 

sin 40° sin 33.25“ 

/ = 2.34 ft 


ì 

Kc-IÍ0 lb 

\ 

l> 


A*°' r 

— 

A * 


'zooií 




3-73. Determine the maximum weight of the engine that 
can be supported without exceeding a tension of 450 lb 
in chain AB and 480 lb in chain AC. . 



—> L/j = 0, ^ C cos30°-^ S = 0 

+ T ZFy - 0; ^ c sin30 o -W = 0 

Assuming cable AB reaches the maximum tension F AB = 450 Ib. 
FromEq.[l] £ c cos30°-450 = 0 F AC = 519.6 Ib > 480 Ib (N.GÏ) 

Assuming cable AC reaches the maximum tension F AC = 480 Ib. 
FromEq.fl] 480cos30°-£ a = 0 F AB = 415.7 lb < 450 Ib (O.K!) 

From Eq.f2] 480sin30°- W= 0 W= 240 Ib Ans 
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m 3-72 The ring of negligible size i.s subiected to a 
vemeal force of 200 Ib. Determine the required length 

Ib A^° rd 15 SUC !î that the tenslon actin S in AC is 160 

,, A so ;.* haí ls the íorce “«ing Ín cord ABl Hint: Use 
0 fo^Z,' h"" COndnion tl) deter '«ine the required angie 

WW » 4”c. ' •*» 


Equations of Equilibrium: 

— EF, - 0; /,,„ cos40" - lóOcostf = 0 

+ f ÏT,. = 0; sin 40" + I60sini/ - 200 = 0 

Solving Eqs. |l| and |2| yiclds 

» = 33.25° 

Fab = 175 Ib 

Geometry: Applying law ofsines, we have 

1 . _ 2 I 2 

sìn40° sin 33.25” or STiìr 

/ = 2.34ft or / = 1.40 ft 


3-7 3 Determine the maximum weight of the engine that 
can be xupported without exceeding a tension of 450 Ib 
m chain AB and 480 Ib in chain AC. 
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dislributive' law for^the vectn S r' Ven VeCt ° rS ’ prove "»e 
(B + D) = (A x B ) + (A x d° * Pr0C,UCt - ^ A » 
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4-3. Given the three nonzero vectors A, B, and C, show 
that if A (B x C) = 0, the three vectors musl lie in the 
same piane. 


Coniider, 

|A (B x C)| => |A|]B x C1 co sB 
= (|A |cosS)| B x C| 

* 

= lAl | B x C| 

* BC W iin t 
= volume of panllelepiped. 

If A (B x C) = 0, theo the volume equab zrro. ao that A, B, and C ace coptaaar 



♦4-4. Determine the magnitude and directional sense 
of the moment of the force at A about point O. 


+ M 0 = 400cos 30°(5) + 400sin 30°(2) 

‘ = 2132 N • m 

= 2.13 kN ■ m ( Counterclockwise) 


4-5. Determine the magnitude and directional sense 
of the moment of the force at A about point P. 


f+ M f = 400cos 30“ (8) - 400sin 30° (2) 

' = 2371 N • m 

= 2.37 kN • m (Countirclockwise) 
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the moment ïbîllf o™' ° f 


(+ M 0 = 520^|| j( 6) 

= 2880 N • m = 2.88 kN m ( Counttrclockwise) Ans 


520 N 


-6 m ■ 




C + Mf = î20 (n) (6 + 4sm 30 0 ) - 52o(lj(4cos 30») 

= 3147 N•m 

* ^^ ra (CounUrclockwist ) Ans 



ra - i “»™o” £ ô( a fh”7ot â” ,e 


5 m 


-4 m- 


,260 N 


|—2 m —\B 


4-9. Determine the magnitude and directional sense of 
the resultant moment of the forces about po. 


point P. 


( +M ° ~ 400 sin 30 »( 2 ) + 

= 3572.1 Nm = 3 


+ 260(11 


13 


)( 6 ) 


57 kN rn ’) Ans 


l +4f, = 


26 0t J3 )(3) + 260(1 2 )( 2) - 400sin30 o (2) + 400cos30»(8) 
= 31S1 N m = 3 . I5kN 


1 ") Ans 
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4-10. Thc wrench is used to loosen the boh. Determine 
the moment of each force about the bolt's axis passine 
through point O. 


C + (XJo = 15° (0.25) 

= 24. IN m ( Counterclockwist ) Ans 

C + ( W r.)o = 80sm 65°(0.2) 

= 14.5 N ■ m ( CouHterclockwist) Ans 



í' 5 ° 

F, =100 N 


F 2 = 80 N 


~ r - “ n “ ot re - 

A 

l0f V X 250 lb 


QU _i_L 

_ B_~ 4ft ~ P 


r+Af 0 - 250(^)(10sin30°) + 250(^)(10 cos 30°) + 300(sin30»)(6) - 300(co s 30»; 


Mo = 2419.62 lb fl = 2.42 Idp-ft , Ans 


♦4-Í2. Determine the moment about point A of each of 
the three forces acting on the beam. 


F, = 375 lb 


F, = 500 Ib 


C + =-375(8) 

= -3000 Ib ft = 3.00 kjp • ft ( Clockwise) 

(+ (M h ) Á =- 5000 ( 14 ) 

= —5600 lb • ft = 5.60 Idp • ft ( Clockwise ) 

( + ( M f,) Á = -160(cos 30°)( 19) + 160sin 30°(0.5) 

= -2593 Ib ■ fi = 2.59 ldp ■ ft ( Cloekwise) 


«L, - ï — £ b . 

r 




r 


F,= 160 Ib 
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íiine the momem 
acting on the beam 




£ ("rj 8 =375(11) 

= 4125 Ib ■ f. = 4.125 Up ft (Counterclockwìsi) 

( + =500^j(5). 

= 2000 lb ■ ft = 2.00 Idp • ft (Counterclockwise) 

( M *,), = léOsin 30°(0,5.i - 160cos 30°(0) 

= 40.0 Ib ft (Counterclockwise ) 


4-14. Determine the moment of each force about the 
bolt located at A. Take F B = 40 Ib. F r = 50 Ib 




4-15. If f B — 30 |b and F c = 45 Ib. determine the 
resultant moment about the bolt located at A. 


(, +M, = 40 cos25°(2.5) = 90 6 Ib ft ') Ans 

l +M C = 50 cos30°(3.25) = 141 lb fO Ans 


t,+M A ~ 30 cos25°(2.5) + 45cos30°(3.25) 
= *95lbff) Ans 


*4-16. The power pole supports the three lines.each line 
exerting a vertical force on the pole due to its weight as 
shown. Determine the resultant moment at the base D 
due to all of these forces. lf it is possible for wind or ice 
to snap the lines, determine which line(s) when removed 
create(s) a condition for the greatest moment about the 
base. What is this resultant moment? 


(+ M, o =ZFd. M, d =700(3.5) -450(3) -400(4) 

500 lb • ft = 500 lb • ft ( Clockwisê ) Ans 


When c.bl« at A is renMved it will cre.t. the gre.test moment «t 


Ans 


C + ("«.). 


= Z Fd; 


("*.)... =-450(3)-400(4) 

=-2950 lb ft = 2.95 kip ft ( Clockwìse) Ans 
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«2 .S?; e 2' h '2«ôo' th ' * xi ' 

^~ô sr — ■ ° f th “ 


For casc 1 with negaove offset, we have 

í + H) = 800(0.4) -4000(0.05) 

= 120 N m ( Counterclockwiu) 

For case 2 with positive offset, we have 

C + M 0 = 800(0.4)+4000(0.05) 

= S20N m ( Counttrclockwise) 


0.05 m—iÌH—O 



»2, a ,'înZf 0,30 "•» of 800 Ib, 

be developed by ,he ,Tî"“ “Sl !iful 7 
determine the maximum load W havinp a m b ft ’ 
G ■ that can be lîfted. Take tì = 30° 8 Center at 


20O0 3 ) - 800( 16cos30°) + H'(30cos30” + 2) 

**' = 319lb Ans 


I j^»í | 


b,a de stationary whil e the n U , is k " P ° Wer taw "»>ower 
Wr ench. íf a force of * nUtts be 'ng loosened wi,h the 

,n ' be ^ection shown deté^ k ‘° ‘ he at 5 

^ou, the nut at C. Wha, L thé"' m ° ment i( "eaies 

50 that 11 cr eates the oppJte magn,tude of force F a , 
pposite momen, about C? 



(») C + M a = so 


sin60«(0.3) 


" = ,2 "-'3.0Nm 

<b) C +M a =0; -12 90 . 12 

2 " + F <û>(0.4) = o 

F = 35.2 N 
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4-22. Determine the moment of each of the three forces 
about point/t.Solve the problem first by usingeach fo ce 
“ a ' ,hole - .he pri„iip,e of mlen“ 


The momem irm measured perpendiculir tt> each force from pointA is 

d, = 2sin 60"= 1.732 m 
dj = Jsin 60“ = 4.330 m 
d, =2sin 53.13°= 1.60 m 

Using each force where M A = Fd, we have 

í + =-250(1.732) 

= -433N m = 433N m ( Clockwi,e) Ans 

C + ( M r>) A =-300(4.330) 

= -1299 N • m = 1.30 lcN • m ( Clockwise) Ans 

( + ( M f,) a =-500(1.60) 

= -800 N • m = 800 N• m ( Clochvise) Ans 

Using principle of moments, we have 

C + ( M f, )„ = -250cos 30°(2) 

= -433 N • ra = 433 N • m (Clockwist) A ns 

C + ( M r,) Á =-300sin60“(5) 

1299 N ■ m = 1.30kN ■ m ( Clockwist) Ans 

C + K)„ =500^j(4)-500^j(5) 

= -800 N - m = 800 N • m (Clockwise) Ans 


f\'2S0* 






w h° has a weight of m ìbl'n í r Unt ' 8 man su PPorts a gi r | 
<* the pole. If her center of „ ^ ° n a ch ‘" r °n top 
maximum counterclockwise momenMh' 8 ** 3nd if the 

the pole at A is 250 lb-ft, determine !'h 6Xert on 

of tilt, e, which will not allow ,h max,mun ’ angle 

aoes not exceed 250 Ib ft. 


M * = 120( 16sin 8) s 250 

sin 8 £ 0.1302 



6 = 7.48° 


Ans 
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í' 24 : % | b t fl W n 0 Hr OyS - P ^ h ^ thC gat£ WÌtH forC « 0f 
_ " 0 , b and F » ~ 50 <b as shown. Determine the 

moment of each force about C. Which way will the gate 

thickness C ofth W è S gate 0 . r C ° Unterclockwisc? Neglect the 



Ç + (^Jc—30^ J(9) 

= -162 lb • ft= 162 lb - ft ( Cloekwltt ) 

C + ( ^r ,) c = 50(jin 60“)(6) 

* 260 lb ■ ft (Counttrclochmlsi) 

Smcc ( l»r,) c > («,J e , d>e gus wiD rotue CouMorclockwiso. 


*• **“N«g.“ïïïï';”r;“' 


In order to prrvem the g«t frora tuming, the 
retuhant raomem tóou, potm C ratut be eqiuU » ««>. 

+ M, c *Zf d; J4 r »o-30Bn60*(6)-J5^J( ! 

F* =28.9!b 



137 


www.usacingenieria.blogspot.com 
4-26. The towline exerts a force of P = 4 kN at the end 
of the 20-m-!ong crane boom. If 6 = 30°, determine the 
placement x of the hook at A so that this force creates a 
maximum moment about point O. What is this moment? 


p = 4kN 



Maximura moraent, OB ± BA 


C + (M 0 ) max = 4000(20)= 80 kN m 


4 kWsin60°(í) - 4tOlcos60°(1.5) = 80 kN m 


4-27. The towline exerts a force of P = 4 kN at the end 
of the 20-m-long crane boom. If x = 25 m, determine the 
position d of the boom so that this force creates a 
maximum moment about point O. What is this moment? 



Maxlmum momcnt, OB 1 BA 


C = 4000(20)= 80 000 N m = 80.0 lcN m 

4000 sin^(25) - 4000 cos*(1.5) = 80 000 


25sin0 - 1.5 cos <p =20 


<p = 56.43° 


6 = 90° - 56.43° = 33.6° 


Similar triangles 
20+y 25 + z 


20y + y = 25z + z 


20(/2.25 + z 2 ) + 2.25 +z = 25z + z 


y = 2.712 m 



-i 2 - 259 

9 = 005 W = 33 6 
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L» °' s '•* >«• o. 

about point A and (bfthe miniLím maxmum moment 
A Ca, -'«e the moment in eTh ca se° mem P ° Ìm 


(+«*= <ooSiïŷTiïï, l442N m 
K * l>»4kN.m Ala 

* * ““ (|j * 33 69 ° 

6 “ 900 - 33.69« » 56.3» Ani 
b) 

Ç+M* »0 Au 

9 « un"'f?ì = n íqo 


4oo*J 

9 



F ~ 400 N 

X 

9 



« * 1*0» - 33.69» 


4-29. Determine the moment of the force F about noint 

• ver.™ 


í" = 400 N 




| 

^ÚLm 

í**<i * 400 sin6(3) + 400oos9(2) 





* 1200 sinfl + 800 cojfl Ani 





dM t 

A 

AUí.+n^ 



• 55 - * 1200coj0-800 sin 9.0 





9 >Uir'(12521,56 3 » 

"NJ - 




llôcTj 56 3 

(*<()-,» 1200 Jifl 56.3« + 800coa 56.3«. 1442 N m 

'5M»0 - 

1O0 J 

^ í | 
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*4-28. Determine the direction 0 for 0° < 0 < 180° of 
the force F so that F produces (a) the maximum moment 
about point A and (b) the minimum moment about point 
A. Calcuiate the moment in each case. 



(a) ^ +M A = 400v'( 3) 2 + (2) 2 = 1442 N • r 


M,i = 1.44 kN m 


(?)=3.W 


(i = 90° - 33.69° = 56.3° 


(b) ^ +M a = 0 


1 (|) =33.69“ 


» = 180° - 33.69" = 146” 


F^aOON F = 400 N 



*>C) 3m 


4-29. Determine the moment of the force F about point 
A as a function of 0. Plot the results of M (ordinate) 
versus S(abscissa) for 0° < 9 < 180°. 



Ç +M a = 400sin«(3) + 400cos#(2) 


= 1200 sin f) + 800 cos 0 


= 1200 cos 0 — 800 sin 0 = 0 
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of F = 120 ÍDetermme'the'To"' SUl ! jected to a force 

Ihe neck at /t and at the stem /3™™' ° f ' h ' S f ° rCe about 


120 N 


Moment About Point A • Th 

“ d 1* n«k axis ls 20° - jjo = the ““ »f actìon of tt, e l oad 

( + H, = I20sin 5°(0.04) 

= 0 418 N ra (Counierclockwise) 

MomentAbout Poin,B:^ tc 


Ans 


o f sincs. 


Thcn. 


:dmens,on leanbedetomincd 

1 55 

sin 150° Sin 10° t= 158.4 mm = 0.1584 n 


“sing the law 


i- 

. ... Ja- 15 mm 

tsoH" : 


ii 




5* 


'> 5 ‘ 


I5C‘ 


+ =-I20sin I5°(0.1584) 

=-4.92 N. m = 4.92 Nn, ( C / octw , 


*“) Aiu 


I0‘ 


*4-31, The crane can be adjusted for any angle 0° s 6 s 
90 and any extension 0 s at s 5 m. For a suspended mass 
ot 120 kg, determine the moment developed at A as a 
unction of ,r and 6. What values ofbothxand Odevelop 
he maximum possible moment at A1 Compute this 
moment. Neglect the size of the pulley at B. 



C + ^=-120(9.81)(7.5+x)co,e 

-{-U77.2cos S(7.5+i)} N m 
= {1.18cos9(7.5 +J :)}kN. m ( clockwut ) Ans 

Th® maximum nioment at A occurs when 6 = 0° and x = 5 m . Ans 

C + = {-1177.2COS 0°{7.5 + 5)} N m 

=-14715 N m 

= 14.7 kN m (cloekwite) Anj 
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*4-32. Determine tlie angle $ at which the 500-N force 
must act at A so that the moment of this force about point 
B is equal to zero. 


This problem ret(iiires ihat tlie resultant moment about point B be 
equal lo zero. 

^ +Mk = Y, Fd: M r> = 0 = 500 cos 0 (0.3) ~ 500 sin 0(2) 


0 = 8.53' 


Ans 


Also note that if the line of action of the 5(X) N force passes through 
point B, it prtxluces zero moment about point B. Hence. from the geometry 



4-33. Segments of cìrill pipe D for an oil well are tight- 
ened a prescnbed amount by using a set of tongs T. which 
grip the pipe, and a hydraulic cylinder (not shown) to 
regulate the force F applied to the tongs. This force acts 
along the cable which passes around the small pulley P. If 
the cable is originaily perpendicular to the tongs as shown, 
determine the magnitude of force F which must be applied 
so that the moment about the pipe is M = 2000 Ib • ft. 
ln order to maintain this satne montent what magnitude 
of F is required when the tongs rotate 30° to the dashed 
position? Note: The angle DAP is not 90° in this position. 


This problem requires that the moment produeed by F and F' about 
tlte axis is 2000 lb ■ ft. 

M ; = 2000 = Fíl.5) 


F = 1333.3 lb= 1.33 kip 


Àns 


F = F'cosB, where 

„ . / 1.5 - I.5cos30° \ 

ti = 30 +tan ( -- J 


= 35.104 


1333.33 
cos 35.104° 


= 1.63 kip 


Ans 
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4-34. Determine the moment of the force at ahnm 
pomt O. Express the result as a Cartesian vector. 
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♦4-36. Determine the moment of the force F at A about 
point O. Express the result as a Cartesian vector. 

r AJ = { — 1.5i + 6j + 2k> 







^™« a PWftl)l(8i« 6 om y p|mc tas ^ rad . ns 

2 , ”■ " * ,0r " of F - 80 N *K m ii, e„d „ ,how„ 
determine the moment of this force about point O. 




F =80N 


r Ac = {li - 3j - 2k> rn 

r Ac = /O) 2 + (=3)1 + (Zŷï = 3? 


a o = r oc x F 


J *< 

, 4 0 -2 
-Tliï(SO) 


Mo = 1-1281 + 128j - 257k> N m Ans 


4-39. The curved rod lies in the jr->> plane and has a radius 
of 3 m. If a force ol /- = 80 N acts at its end as shown, 
determine the mnment of this force about point B. 



r *c = { II — 3j - 2k> rn 
r *c = 


2) 2 = 3.742 m 


* = r »+ X r = I 300.45° (3-3sU°) o 

' 3U2(S0) ~^ (80 > -5^(80) 
M, - {-37.61 + 90.7j - 155k> N ra 
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4-41. The curved rod has a radius of 5 ft. If a force of 
60 lb acts at its end as shown, determine the moment of 
this force about point C. 



Position Vector and Force Vector: 

r CA = {(5sm 60“-0)j + (5cos 60“ -5) k) m 
= {4.330j-2.50k) m 


t (6-0)i + (7-5sin 60°)j + (0-5cos 60°)k l 

A8 w c lb 


^y(6-0) 2 + (7-5sin 60°) 2 + (0- 5cos 60°) 2 J 
= {51.231i + 22.797j-21.346k} ib 

Moment of Force F,, About Point C : Applying Eq.4 - 7, we have 


M c = r c , xF„ 
i 

= 0 4. 

51.231 22 


j k 

.330 -2.50 

:.797 -21.346 


= {-35.4i-128j-222k) lb ft 



4-43. Determine the smallest force Fthat must be applied 
along the rope tn order to cause the curved rod, which has 
a radius of 5 ft, to fail at the support C. Xhis requires a 
moment of M = 80 Ib • ft to be developed at C. 


'ca = {4.3301J - 2.5k> ft 



F,, = F..I- + C 7 — 5sin60°)j - 5cos60°k 


(V(6)S + (7-5sin60°) 2 + (-5cos60”) 2 
= 6»s(0.8538i + 0.3799j - 0.3558k) 

M c = r CA x F,, 

| * j k | 

M c = fû, 0 4.3301 -2.5 

10.8538 0.3799 -0.35581 

M c = 6,, (-0.59091 + 2.135j - 3.697k) 

M C = F Al y/ (-0.5909)2 + (2.135) 3 + (-3.697)2 

80 = (4310) 


F *e = = 18.5618 Ib 


F ab = 18.6 lb 
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t* 0f the 1-m-diameter hatch door exerts a 

force of 450 N on pomt B. Determine the moment of this 
force about point O. 


z 


y 



Potition Vtctor And Forct Vtctor : 


•os = {(0-0)i + (lcos30°-0)j + (lsín30°-0)k} m 
= {0.8660j + 0.5k} m 


*qa = {(0.5sin 30°-0)i + (0.5 + 0.5cos 30°-0)j + (0-0)k} m 
= {0.250i+0.9330j} m 

(0-0-5sin 30°)i + [ lcos 30° - (0.5 + 0.5cos 30°))j + (lsin 30°-0)k 
y^(0-0.5sin 30°) 2 + [ lcos 30°-(0.5 + 0.5cos 30°)J 2 + (lsìn 30°-0) 2 
= {-199.82i-53.54j + 399.63k) N 

Momtnt of Forct F About Point O : Applying Eq.4-7, we have 

M 0 = r 0 , x F 

> j k 

= 0 0.8660 0.5 

-199.82 -53.54 399.63 

= {373i-99.9j+173k} N m Ans 


Mo = r OA x F 

• j k 

= 0.250 0.9330 0 

-199.82 -53.54 399.63 

= {373i-99.9j+ 173k} N m 


T 


4-47. Using Cartesian vector analysis, determine the 
resuitant moment of the three forces about the base of 
the column at /l.Take F] = {400i + 300j + 120k} N. 



(K), 




I ‘ J 

0 0 

1400 300 

I I j 

o 0 

1100 -100 



= {-3.61 + 4.8J} kN m 


= {1.2i + 1.2J) kN-m 


(K), 


i J 

0 -1 
0 0 



{0.51} kN ra 


- -3.6 + 1.2 + 0.5 = 


F 3 = ( -500k)N 


-1.90 kN m 
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*4-48. A force of F = {6i - 2j + lk} kN produces a 
nioment of M 0 = {4i + 5j - 14k} kN-m about the 
origin of coordinates, point O. If the force acts at a point 
having an x coordinate of x - 1 m, determine the v and 
z coordinates. 





M 0 = r x F 


+5J -14k = 


1 J kl 


y Z i 

6 -2 ll 


4 = y + 2z 

5 = — 1 + 

- 14 = -2—6 y 
* ~ 2 ra Ans 


4-49. The force F = {6i + 8j + 10k} N creates a 
momentaboutpointOofM 0 = {— 14i + 8j + 2k}N-m. 
If the force passes through a point having an x coordinate 
of 1 m. determine the v and z coordinates of the point. Also, 
realizing that M 0 = Fd, determine the perpendicular 
distance d from point O to the line of action of F. 


i + 8j + 2k = j! 1 rj 
Ifi 8 101 


- 14 = 10y - 8r 
8 = - 10 + 6r 
2 = 8 - 6 y 





- /ÔÌ4)îT(8pT(2p = 16 25 N m 

F = /f^+liynTop = i4,i4 n 

. 16.25 

14 14 = 115 m 


149 




150 






www.usacingenieria.blogspot.com 
*4-52. Determine the moment of the force F about the 
aa axis. Express the result as a Cartesian vector. 



Position Vtctor: 

r = {(-2-0)i + (3-0)j + (2-0)k} m = {-2i + 3J + 2k} m 

Vnit Vtctor Along a-a Axis : 

(4-0)i + (4-Q) j 


=0.7071i + 0 .7071J 

F Abo 
havc 

s “«,-(r x F) 


•PP Iymg a a AXU '' Wilh F 3 30i + ' <0j + 20k) N, 


10.7071 0.7071 01 

= -2 3 2 

I 30 40 201 

- 0.7071(3(20) - 40(2)] -0.7071 [(-2) (20) - 30(2)] + 0 
= 56.6 N m 

Ans 





F 2 = {50k> lb 

r i = (48in30° - 0 )i + (4 co8 30°- 0 )j + (6 - 0 )k 
= {2i + 3.464j+6k} ft 
r 2 =(-5sin30°)j={— 2 . 5 j> ft 

K=r, xF, +r 2 xF 2 

'lì 5 r 

-{-169.044i-353.138j + 218.560k} Ib-ft 

“o. = COS 30°i - sin 30°j = 0.8660Ì - 0.5j 

( "' )0 “ =U °“ M ' * («««0.-O5J) . (-,». 044 , _ 353 . 138 j + 218 560k) 

= (0.8660)(-,69.044) + (-o.5)(-353.l38)+ 0(218.560) 

= 30.173 Ib ft 

(M ')°* = (M r) 0 . »o. = 30.173(0.8660,' - 0.5j) 

= {26.1i - 15.1j}l b - ft Ans 
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*4-52. Determine the moment of the force F about the 
aa axis. Express the result as a Cartesian vector. 

Position Vector: 


F = (301 + 40j + 20k}N 


r = ((-2 - 0)i + (3 - 0)j 4- (2 - 0)k}m = {—21 + 3j 4- 2k} m 
Vnit Vector Along a — a Axis: 

(4 - 0)i 4- (4 - 0)j 

u aa = ; / v -7-4=-» = 0.70711 4- 0.7071j 

v ; (4 - 0)- 4- (4 - 0)2 

Moment of Force F About a —a Axis: With F = {301 4- 40j 4- 20k} 
N, applying Eq. 4-11, we have 

M ua — u rtl , • (r x F) 


/3m 2m 


-4 m- \ 


0.7071 0.7071 0 

= -2 3 2 

30 40 20 

= 0.7071(3(20) - 40(2)J - 0.7071|(-2)(20) - 30(2)J 4- 0 
= 56.6 N • m Ans 
= M, u , u„„ 

= 56.57(0.707li 4- 0.707Ij) 

= (40i 4- 40j)N • m Ans 


4-53. Detennine the resultant moment of the two forces 
about the Oa axìs. Express the result as a Cartesian vector. 

Fj = 80(cos 120°i 4- cos 60°j 4- cos 45°k) = {—40i 4- 40j 4- 56.569k} Ib 
F 2 = {50k} lb 

rj = (4 sin 30° - 0)i 4- (4 cos 30° - 0)j 4- (6 - 0)k 
= {2i 4- 3.464j 4- 6 k} ft 
r 2 = (—5sin30°)j = {-2.5j} t't 
M/í = r, xF, 4 r 2 x F 2 

> j k 

= 2 3.464 6 4- (-2.5j) x (50k) 

-40 40 56.569 


F| = 80 Ib 




= (3.464(56.569) ~ 4()(6)]i - 1.2(56.569) - (—40)(6)lj 4-12(40) - (-40)(3.464)]k - 1251 
= {—] 69.0441 - 353.138j + 218.560k} lb ft 

Uo u = cos30°i - sin 30"j = 0.8660Í - 0.5j 

{Mx)o a = uoo M R = (0.8660Î - 0.5j) • (-169.044Ì - 353.138j + 218.560k) 

= (0.866(»(-169.044) 4- (-0.5)(-353.138) + 0(218.560) 

= 30.173 Ib • ft 


(M= (M R ) 0a u ao = 30.173(0.8660i - 0.5j) 


= {26. li - 15.1 j}lb ■ ft 
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4-54. Determine the magnitude of the moment of each 
of the three forces about the axis AB. Solve the problem 
(a) using a Cartesian vector approach and (b) using a 
scalar approach. 


r 2 = 85 N 


r I = 60 N 


r, = 45 N 


«) Vtctor Analytis 

Position Voctor and Force Vector: 

r i = {-l-SjJ m r 2 = r, =0 

F, ={-60k)N F 2 = {85i> N F, = {45j) N 

Vnil Vector Along AB Axis : 


(2-0)i + (0-1.5)j 

u^j = - == ==4 = 0.8i -0.6j 

V(2-0) ! + (0-I.5) ! 


=“jj '(«•, x F,) 


0.8 - 0.6 0 

= 0 -1.5 0 

0 0 -60 


= 0.8 [(-1.5) (-60) -0) -0 + 0 = 72.0 N • m Ans 


(Ke)i =“jj (r 2 x Fj) 


0.8 - 0.6 

= 0 0 

85 0 


Waj), =u x , (r, x F,) 


0.8 - 0.6 

0 0 

0 45 


b) Scalar Analytis : Since moraent arm from forcs F 2 and F, ú equal to 
zcro, Hence 

( M *s)i * (Afjj), * 0 Ans 

Momentarm d from force F, to axii AB isd* l.jjin 53.13° = 1.20m. 
Hence 



Moment of Each Force About AB Axis : Applying Eq.4- 11, we 
have 


5 + 
d-idL 


(Aíjj), = F x drn 60(1.20) =72.0N m 
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4-55. The chain AB exerts a force of 20 Ib on the door 
ai B. Determine the magnitude of the moment of this 
force along the hinged axis ,v of the door. 


T = 20 Ib 
B 



— 3ft- 


Potition Vtetor and Foree Vector: 

Or 

={(3-0)i + (4-0)k} fi={3i + 4k} fl 
r 0 , ={( 0 - 0 )i + (3cos20°-0)j + (3sin20°-0)k} ft 
= {2.8191J+ 1.0261k} ft 

( (3-0)i + (0-3cos 20°)j + (4-3sin 20°) k ì 
F = 20 -1=—============== “> 

^ ( 3 _ 0 ) 2 + (0-3cos20°) 2 + (4-3sin 20°) 2 

= {11.8141 — 11.102j+ 11.712k} lb 

Moment of Foree F About x Axis : The unit vector along ihex «xis is 
i. Applying Eq.4- 11, wehave 


= 1(0(11.712)-(-11.102) (4)] -0+0 
= 44.4 lb • ft 


M t — i - (r pg x F) 

1 0 0 

= 0 2.8191 1.0261 

11.814 -11.102 11.712 

= 1(2.8191(11.712)-(-11.102) (1.0261)]-0+0 
= 44.4 lb - ft 


M a — i ■ (r 0/ < x F) 
1 

= 3 

11.814 


0 0 

0 4 

11.102 11.7121 
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*4-56. The force of F = 30 N acts on the bracket as 
shown. Determine the moment of the force about the 
a-a axis of the pipe. Also, determine the coordinate 
direction angles of F in order to produce the maximum 
moment about the a-a axis. What is this moment? 



r « 10 (co« 60“ I + co$ 60* J + cos 45° k) 


• (151 + 13J + 21.21 k| N 
r = (-0.11 + 0.13k) m 

a = J 4 



= 0.8321 1 + 0.5547 k 
a= cos' 1 0.8321 = 33.7” Ans 
fì = coT 1 0 = 90° Ans 
r= COJ-' 0.5547 = 56.3° Ans 


M = 30(0.1803) = 5.41 N- m 


Ans 




4v5&.ulâiBr 1 gt(niiaiat.òtàg§flc*e3 rathe exerts a force F on 
the shaft in the direction shown. Determine the moment 
of this force about the y axis of the shaft. 


M , = u, • (r x F) 



F = {6i — 4j — 7k}kN 


4-58. The hood of the automobile is supported by the 
strut AB , which exerts a force of F = 24 lb on the hood. 
Determine the moment of this force about the hinged axis y. 
r = { 41} m 


J _ -21 + 2j + 4k 


J(-2)* + (2)2 + (4)2 


{—9.80Í + 9.80j + 19.60k) lb 


í ;i 

9.80 19.6ol 


M, = { -78.4j} lb ft 


0 1 
- 0.03cos40° 0 


0 0.03sin40° 

-4 -7 


My 276.37 N mm = 0.277 N-n 




ÍS F^r ‘ he magni,ude of the ™ments ofthe 
orce F about the jr, y, and ; axes. Solve the problem 

LL;;z‘ 0 c .:r a ' 1 ‘ ni <b » « 

®) Vtctor Analysis 
Position Vector : 

={(4-0)i + (3-0)j + (-2-0)k} ft={4J + 3J-2k} ft 

Momem of Force F About x, y and z Axes : The unit vectors along 
x. y mdz axes are i, j and k respecuvely. Applying Eq. 4 - 11, we have 

M . =<■('*! X F) 

1 0 0 

= 4 3 -2 

4 12 -3 

= 1 f 3( 3) (12)(—2) J -0 + 0 = 15.0 lb • ft Ans 

M , = J'(rss x F) 

0 1 0 

= 4 3 -2 

4 12 -3 

= 0- 1 (4(-3) -(4) (-2)] +0 = 4.00 lb • ft Ans 

^ =k (r AS x F) 

10 0 1 

= 14 3 -2 

12 -3 



F = {4i+ I2j-3k}lb 


=.û - 0 +1 íá U2IT.4 QU = 36 .0 Lb ■ ft 


h) S calar A naiy s is 

M.=ZM,; — 12(2) - 3(3) = 15.0 Ib ft Anj 

My=Z **,■• M , =-4(2)+ 3(4) = 4.00 Ib ft Ans 
M i =Ui z'- M, =-4(3) + 12(4) = 36.0 Hvfi Ans 
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*4-60. Determine the moment of the foree F a h . 


Potitiom Vector : 


r c , ={-2k} ft 

r At = {(4—0)i + (3 — 0)j + (—2 — 0)k> ft= {4i + 3j-2k} ft 


Vnit Vector Along AC Axis . 


(4 - 0) j + (3-Q)j 

V(4-0) 2 + (3-0) 2 


= 0.8i + 0.6j 


Moment of Force F About AC Axis : With F = {4i + 12j-3k} Ib 
applymgHq.4-11, wehave ' 

x F) 

0.8 0.6 0 

= 0 0 -2 

4 12 -3 

= 0.8[(0)(—3) - 12(-2)J -0.6(0(-3) -4(-2)J +0 
= 14.4 lb ft 


M *c =u,c'(r„ x F) 


|°.8 0.6 0 1 V 

= 4 3 _ 2 H F= (4 

= 0.8((3) (-3) _ 12(-2)J - 0.6[4 ( -3) _ 4 (_ 2) j + 0 
= 14.4 Ib ft 


F=(4i+ 12j - 3k)lb 


Expressing M, c as a Cartestan vector yields 

M ac =Af,c“,c 

= I4.4(0.8í -f 0 . 6 j) 

= ÍH.5i + 8.64j) | b f, 


4-61. The lug and hox wrenches are used in 
combination to remove the lug nut from the wheel hub 
lf the apphed force on the end of the box wrench is F = 
(4i 1 2 j + 2k) N, determine the magnitude of the 

moment of this force about the x axis which is effective 
in unscrewing the lug nut. 



.t ^ 75 mm 


Potition Vector and Force Vector: 

r = {(0.075 - 0)j + (0.3-0)k} m = {0.075j +0.3k} m 

w°.?ó n !î! FOrC ‘ F/lé0 “" 4xrs .* Thc unit vector along x axis is i. 
tth F - {4i 12j + 2k} N, applytng Eq.4- 11, we have 

M, =i (r x F) 


1 0 0 

= 0 0.075 0.3 

4 -12 2 

= 1 (0.075(2) — (—12)(0.3)J -0 + 0 

= 3.75 N ra 
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4-62. A 70-lb force acts vertically on the “Z” bracket. 
Determine the magnitude of the moment of this force 
about the bolt axis (; axis). 



Position Vector And Force Vector: 

r CM = f(-6-0)i + (6-0)j} in. = {-6i + 6j) in. 

F = 70(sín 15°i-cos 15°k) lb = {18.117i -67.615k) Ib 

Moment of Force F About z Axis : Thc uml veclor ajong z axis is k. 
ApplyuigEq.4-ll,wehave 

^ =k (r o* x F) 

0 0 1 

= -6 6 0 

18.117 0 —67.615 

= 0-0+ l[(-6)(0)-(6)( 18.117)] 

= -109 Ib in 

Neganve sign indicates thal M.is directed toward negabve z axis 
M, = 109 Ib in 



*4-64. The flex-headed ratchet wrench is subjected to a 
force of P = 16 Ib, applied perpendicular to the handle 
as shown. Determine the moment or torque this imparts 
along the vertical axis of the bolt at A. 


M = 16(0.75 + 10sin60°) 


M = 151 lb-in. Ans 
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*4-68. Determine the magnitude of the horizontal force 
F = —/^i acting on the handle of the wrench so that this 
force produces a component of moment along the OA axis 
(z axis) of the pipe assembly of M. = {4k)N • m. Both 
the wrench and the pipe assembly, OARC, lie in the v-z 
plane. Suggestiort: Use a scalar analysis. 


M, = F (0.8 + 0.2)cos45” = 4 
F = 5.66 N Ans 



4-69. Determine the magnitude and sense of the couple 
moment. 


About point A, 

^ +M C = 5 cos 30°(2.5ï + 5 sin 30°(3) 

Mc = 18.3 kN ■ m ^ Ans 



4-70. Detennine the magnitude and sense of the coupie 
moment. Each force has a magnitude of F = 65 !b. 




V 

_1 

“T 

2 ft 

i 

1— I 

1.5 ft 

4 ft 

L 

0 


-- 


^ +M C = T,M b \ M c = 65 (6 + 2) + 65 Q j (4 + 2) 

= 650 Ib • ft (Counterclockwise) Ans 


4-71. Determine the magnitude and sense of the couple 
moment. Each force has a magnitude of F = 8 kN. 

^ +M ( =Y.M a \ M c = «Qj (5 + 4) - gQj (3 + 1) 

= 17.6 kN • m (Counterclockwise) Ans 
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4-73. A tvvist of 4 N • m is applied to the handle of the 
screvvdriver. Resolve this couple moment into a pair of 
couple forces F exerted on the handle and P exerted on 
the blade. 



For the handle 


Mc = ZM,\ F( 0.03) = 4 


For the blade. 


M C = ZM,, P(0.005)=4 


4-74. The resultant couple moment created by the tvvo 
couples acting on the disk is Mr = { 1 0k}kip • in. Deter- 
mine the magnitude of force T. 



M h = ZM,; IO = T(9) + r(2) 


r = 0.909 kip 
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4-75. A device called a rolamite is used in various ways 
to replace slipping motion with rolling motion. If the belt, 
which wraps between the rollers, is subjected to a tension 
of 15 N, determine the reactive forces N of the top and 
bottom plates on the rollers so that the resultant couple 
acting on the rollers is equal to zero. 






^+IAÍ, -0; 15(50 +50sin 30°)-AT(SOcos 30°) = 0 


N = 26.0 N 


4-76. The caster wheel is subjected to the two couples. 
Determine the forces F that the bearings create on the 
shaft so that the resultant couple moment on the caster 




^+ XM a =0; 500(50) - F(40) = 0 
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4-77. When the engine of the plane is running, the 
vertical reaction that the ground exerts on the wheel at A 
is measured as 650 Ih. When the engine is turned off, 
however, the vertical reactions at A and B are 575 Ib each. 
The difference in readings at A is caused by a couple acting 
on the propeller when the engine is running. This couple 
tends to overturn the plane counterclockwise, which is 
opposite to the propeller's clockwise rotation. Determine 
the magnitude of this couple and the magnitude of the 
reaction force exerted at B when the engine is running. 



When the engine of the plane ls tumed on, the resulting couple moment 
exerts an additional force of F = 650- 575 - 75.0 lb on wheel A and 
a lesser the rcacáve force on wheel B of F= 75.0 lb as welL Hence, 

M = 75.0(12) = 900 lb ft Ans 

The reacnve force at wheel B is 


4-78. Two couples act on the beam. Determine the 
magnitude of F so that the resultant couple moment is 
450 lb ■ ft, counterclockwise. Where on the beam does the 
resultant couple moment act? 


R, =575-75.0= 500 lb 


l + 450 = 200CU) + Fcoì30"(1.2J) 


F= 139 Ib 


H* rcautuntcouple momcn, is a frce vecmr. I, can act a. any poin, orte beam. 
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4-79. Express the moment of the couple acting on the 
pipe assembly in Cartesian vector form. Solve the 
problem (a) using Eq. 4-13, and (b) summing the moment 
of each force about point O. Take F = {25k} N. 


300 mm ^ 

/ /^^ 200 mm 



(a) H: = r it x (25k) 

I ' J k 

= -0.35 -0.2 0 

' 0 0 25l 

M c = í-5i + 8.75J} N n 


(b) M c - r 0B x (25k) + t 0i x (-25k) 


_ I 1 J k | I J k 

n 3 n 2 ° + ft65 0 4 0 

10 0 25Ì o 0 - 25 J 


- (5-10)1 + (_7 j + 
Mc — í 51 + 8.75J} N-m 


*4-80. íf the couple moment acting on the nioe hn, a 
magnitude of 400 N • m, determme the magmtudl Fof ih 
vertical force applied to each wrench g the 



(a) M c = r<> x (/Tt) 


I ‘ 1 k ! 

= (-0.35 -0.2 0 
10 0/1 

Mc = (-0.2/1 + 0.35/J} N m 
Mc = yt-0.2 F)i + (0.35 /)2 = 400 


/(-0.2)2 + (03 j )2 
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4-81. The ends of the triangular plate are subjected to 
three couples. Determine the plate dimension d so that 
the resultant couple is 350 N*m c!ockwise. 


100 N 



600 N 


600 N 


C+ M, =Z M Á . 


- 350 = 200(dcos 30°) - 600( dsm 30°) - 100 d 


d — l .54 rn 


Ans 


* wo cou P les ^ct on the beam as shown. Determi 

«i e T °' F s ,° ,he »“r'«»» 

s 300lb-ft counterclockwise. Where on the beam dr 
the resultant couple act? dC 



t +(M C ), - ^ (4) + *^ 1S) _ 20Q(l s) _ 


300 


f = 167 lb 

RraiUttnt couple can act any^hcrc. 


Ans 

Ans 


4-83. Two couples act on the frame. If the resultant 
couple moment is to be zero, determine the distance d 
between the 80-lb couple forces. 


v 



t +Mc = -50 co330°(3) + ^(80)(d) = 0 
d = 2.03 ft Ans 
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4-87. Determine the couple moment. Express the result 
as a Cartesian vector. Each force has a maenitude of F - 
120 Ib. 


Poiition Vactor and Foret Veelor: 

U* =((-3-2)i + [6-(-2)]j+(3-3)k} ft 
= {-5I + 8J} ft 

v.,J [3-(-3)]H -(4-6)J-M0-3)k 1 

WD-(-3)J j + (4-6)2 + (0-3)í J 

= {102.861 - 34.26j-3X.43k> lb 

Couplt Momant: Applying Eq.4- 15, we h»ve 

Mc = r,* * F 

> j k 

= -5 8 0 

102.86 -34.26 -51.43 

= {-411l-257J-651k) Ib ft Aiu 


c« P ,c . nd „.„ rdl n 8 .,; ni 


(Aí,). -IM,, (Aí,); = 35 + 50 = 85.0N m 

(M,), = IM,, (M,), =30+10 = 40.0N m 

The magnitude of ihe resultani couple raoment is 

= v'85.o 2 +4o.o 2 

= 93.941 N ra = 93.9N-ra 

The coordinale direction angfes are 


[<«»),' 

_ i 

1 f 85.0 ■ 


Ans 

M, 

-cos 

193.941, 

| = 25.2° 


-1 

í 40.0 > 



M, 

= cos 

193.941; 

| = 64.8° 

Ans 

r («,).] 

-I 

í ° ì 




= cos 

1.93.941 J 

= 90.0° 

Ans 
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4-89. The main beam along the wing of an airplane is 
swept back at an angle of 25°. From load calculations it 
is determined that the beam is subjected to couple 
moments M x = 17 kip-ft and M y = 25 kip ft. Determine 
the resultant couple moments created about the x' and 
y' axes. TTie axes all lie in the same horizontal plane. 


= I7cos 25°-25sin23* 
= 4.84 lcip ft 

(M,) y . =IM y .. (M,) y . = 17sin 25° + 25cos 25° 
= 29.8 Idp fi 



4-90. If F = {100k} N, determine the couple moment 
that acts on the assembly. Express the result as a Cartesian 
vector. Member BA lies in the x-y plane. 


* = - 30» = 3.69» 

r, = {-360.6 sin3.69°i + 360.6 cos3.69°J} 
= {-23.211 + 359.8J} mm 

6 = + 30 ° = 53.96° 

" (492A ’ i ”53.96°l + 492.4 cos53.96°J} 
= {398.21 + 289.7J} mm 


Mc = (r, - r 2 ) x F 



= -421.4 701 
0 0 


Mc = {7.011 + 42.1J} N m 


UO 0 I 
0 ìool 
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4-91. If the magnitude of the resultant coupie moment 
is 15 N- m, determine the magnitude F of the forces 

applied to the wrenches. , , ^->,5) _ 30 « = 3 . 69 « 

r, = {-360.6 sin3.69°l + 360.6 cos3.69°j} 



= {-23.211 + 359.8J} mm 


6 = tan -1 (—) + 30° = 53.96° 
4.5 


r 2 = {492.4 sin53.96°i + 492.4 cos53.96°j} 
= {398.2Ì + 289.7J} mra 
M c = (r t - r 2 ) x F 


i 


J k| 

3.10 0 

o A 


-421.4 70. 
0 


M c = {0.07/1 + 0.42lfj} N-ra 
M c = /(0.07F) 2 + (0.421F) 2 = 15 
15 


F = 


^(0.07) 2 + (0.421) 2 
Aíso, a]ign>' , axis along BA. 


= 35.1 N 


Ans 


Mc = -F(0.15)r - F(0A)ï 
15 = Aí(0.15))î + (f{0.4)) 2 
F = 35.1 N Ans 


4-92. The gear reducer is subjected to the couple 
moments shown. Determine the resultant couple moment 
and specify its magnitude and coordinate direction angles. 


Exprtu Each Couplt Moment as a Cartesian Vector: 
M, ={50J} N-ra 


M, = 60{cos 30°i + sin 30°k) N• m = {51.961 + 30.0k} N -ra 

Resultant Couple Moment: 

M, = ZM; M, = M, + M 2 

= {51.961 + 50.0j + 30.0k} N ■ m 



Thc magnitude of the resultant couple raoment is 

M, = v'51.962 + 50.02 + 30.0 2 

= 78.102 N • m = 78.1 N ra Ans 

The coordmaie direction angles are 


oc = cos'' 

f 51.96 ' 

V78.102, 

J = 48.3° 

Ans 

í = cos' 1 

f 50 0 ' 

\78. 102 j 

| = 50.2° 

Ans 

7 = cos' 1 

( 30.0 ' 

| = 67.4° 

Ans 

178.102; 
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4-93. The gear reducer is subject to the couple moments 
shown. Determine the resultant couple moment and 
specify its magnitude and coordinate direction angles. 


Exprtts Each : 

M, = {60i} lb ft 

M 2 = 80(-<os 30°sin 45“i -cos 30°cos 45°j- sin 30°k) lb ft 
= {-48.99Í -48.99j -40.0k} lb ft 

Resultant Couple Moment: 

M, = IM; M, = M, + M 2 

= {(60 - 48.99) i-48.99j-40.0k} Ib ft 
= {Il.Oli-48.99j-40.0k> lb-ft 
= {1 l.Oi -49.0j-40.0k} lb- ft Ans 

Thc magnitude of thc resultant couple moment is 

M, = VI I.Ol 2 -+ (-48.99) 2 + (-40.0) 2 

= 64.20 lb ft= 64.2 Ib fl Ans 

The coordinate direction angles are 

.,/'11.013 

a = cos - =80.1° Ans 

V64.202 

. ( -48.99\ 

liíicrj =,40 ° Ans 

/-40.0^ 

r = C ° S Í6Ï2ôJ =129 ° 


M | = 60 lb-ft 



M, = 80 lb-ft 


4-94. The meshed gears are subjected to the couple 
moments shown. Determine the magnitude of the 
resultant couple moment and specify its coordinate 
direction angles. 


M, ={50k} N ■ m 

M 2 = 20(-cos 20°sin 30°ì - cos 20°cos 30°j + sin 20°k) N • m 
= {-9.397Ì - 16.276j + 6.840k} N m 

Resultant Couple Moment: 

M„ =IM; M, =M,+Mj 

= {-9.3971- 16.276j + (50+6.840)k} N m 
= {-9.397Ì- 16.276j + 56.840k} N m 

The magnitude of the resullant couple moment is 

M, = s/ (—9.397) 2 +(—16.276) 2 +/56.84íV 

= 59.867 N • m = 59.9 N m Ans 

Thc coordinate direction anglcs arc 


x 

20 ° 1 

>0 


Af 2 = 20 N • tn 


a ~ cos -1 

(-9391\ 

1 _ ÍV) no 

A 


159.867 j 

AtlS 

P = cos~’ 

r-16.276\ 
l 59.867 j= I06 ° 

Ans 

y — coS~* 

/'56.840'i 

1 — lfl 1° 

A na 


159.867J 183 

a ns 
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4-95. A couple acts on each of the handles of the 
mimdual valve. Determine the magnitude and coordinate 
direction angies of the resultant couple moment. 


K = -35(0.35) - 25(0.35) cos60” = -16.625 
M y = ~ 25(0.35)sin60° = -7.5777 N m 



,MÌ = /(-16.625)2 + (-7.5777)* = 18.2705 = 18.3 N m 


„ -.-16.625 

“ = COS (-) - 155» 

18.2705 


„ -i -7.5777 

p = COS (-) = 115» 

18.2705 ’ 


V = cos (-) _ 900 

18.2705 


♦4-96. Determine the resultant couple moment of the 
two couples that act on the pipe assembly. The distance 
from A to fì is d = 400 mm. Express the result as a 
Cartesian vector. 

Vtclor Analysis 
Position Vector : 

r AS = {(0.35-0.35)1 + (-0.4cos 30 <, -0)j + (0.4sin 30°-0)k} ra 
= {-0.3464j+0.20k} m 

Couple Moments : With F, = {35k} N and F 2 = {-50i} N, applying 
Eq.4- 15. we have 

(M c ), =r s ,xF, 

l‘ j k I 

= 0 -0.3464 0.2(3 ={-12.12i} N-m 


< M c ) 2 =r„xFj 


k 

0.20 ={-10.0j- 

0 


17.32k} N ■ ra 



Resullanl Couplt Moment : 

M, =ZM; M, = (M c ), +(M C ) J 

= {-12. li - lO.Oj- 17.3k} N ■ m 


Scalar Analysis : Suraraing raoments aboutx, y and z axes, we have 

(«,), =1 M,; (Aí,), = -35(0.4cos 30°) = —12.12 N ■ m 

(M s ) r (M„) r =-50(0.4sin 30°) =-10.0 N • m 

(M,), = IAÇ; (Aí,), =-50(0.4cos 30°) =-17.32 N m 


Express M, as a Cartesian vector, we have 


M, = {-12.li - lO.Oj- 17.3k} N • 
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4-100. Replitce the torce and couple moment system by 
an equivalent force and couple moment acting at point O. 


-i-fj, = XF,: F„. = -hOcos.TO' = -51.% N = 51.96 N 


+ t F R = SF,: Fg, = — 60 sin 30° - 140 


= -170.0 N = 170,0 N | 



F„ = Jf\ + F\ = v'51.%’ + 170.0- = 178 N 


® =t “"'(fe) =, "' , (iS) =73 - ff Ans 

í" +M«„ = LMo; Mk„ = -60sin3(f(8) +40+ 140(3) 

= 220 N • m { Counterclockwise ) Ans 


4-101. Replace the force and couple motnent system by 
an equivalent force and couple moment acting at point P. 


4- Fr. = E = -60 cos 30" = -51.96 N = 51.96 N • 


+ | F k = L F y ; = — 60sin 30° - 140 


= -170.0 N = 170.0 N i 


F k = JFl + f'l = v'51.96 2 + 170.0 2 = 178 N 




4 -M k , = TM f : M Ki> = 60sin30 e (12 - 8 ) + 60cos 30°(8ì 


+ 40+ 140(3+ 12) 


= 2676 N • m 


: 2.68 kN • m ( Counterclockwise ) Ans 
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4-102. Replace the force system by an equivalent force 
and couple moment at point O. 



4 - 103 . Replace the force system by an equivalent force 
and coupie moment at point P. 



-**”-*■- 4,- 260(1). 430 . 


= - 272.39 lb 

+ î ^ =Zf > ; F ’> = 260 (^) - 430 cos60° 


* = /(=27Ï39)rT725)5 = 274 Ib Ans 




Ans 


t+« 0 =l« o ; M 


430 cos60°(2) + 430 sin60°(8) + ^tìOt-L 2 ), 


= 4609 lb ft = 4 «t . 


- Ï2ï; />, = 260 ( 1 ) _ 


yj) ~ 430 sin60° 


= -272.3910 

+ tlf„ = S/T; /5, ; = 260(~) - 4 


yy) - 430 cos60° 


F * /T 2/2.39)2 + (25)2 = 274 Ib Ans 


r, yy=« 


t +«, = H*; = 430 sin60°(l]) + 260(I 2 )(7) - 260(1) (3 ) 

= 3.48 Idp.ft ") Ans 
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*4-104. Replace the force and couple system by an equiv- 
alent force and couple moment acting at point O. 


Note ihut the 6 kN pair of forces form a couple. 


= Y. F x ; F r . = 5 cos45° = 3.536 kN 

6kN 6 

^\3m 

A 


6kN 

= £ F y ; F Rt = —5 sin 45° - 2 ] 

0 

„_ A S m_* 

m-l m-» 

\ 

_ __ J 

■ n..) IXJ 


\ 


= —5.536 kN = 5.536 kN \ 


/■„ = JfI + Fi = v'StfTÛ» = 6.57 kN / 

and 

,/F»\ , /5.536\ 

0 — tan ( —- j = tan ( --) = 57.4 i 

\F*J V 3-536 ) 

+W«„ = TM„; Mk„ = 6(3) + 2(4.5) - 5sin45°(2) 

= 19.9 kN • m ( Counterclockwise ) Ans 


4-105. Replace the force ;md couple system by an equiv- 
alent force and couple moment acting at point P. 


Note that the 6 kN pair of forces form a couple. 

4- Fk = r F, : F r = 5 cos45‘ = 3.536 kN -► 

+ t F„. = ZF?; F,. = -5sin45° - 2 

= -5.5.36 kN = 5.536 kN i 

Thus, 

Fg = J Fj + F' r = v 3.536- + 5.536- = 6.57 kN 
and 

6 = '4) =c m , (^)= 57 4’ ^ 

^ +M K: , = YM,.; M k , = 6(3) + 2(4.5 + 2) - 5(0) 

= 3l.0kN-m ( Counterclockwise ) 


\ 

6kN 60° 

6kN 

1_ 0 

J 4.5 m-- 


2kN 

5 kN 
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4-106. Replace the force and couple system by an 
equivalent force and couple moment at point O. 



~> LF t, = XÇ; 


= 6 <Î 3 )- 4 cos 60 ° 
= 0.30769 kN 


+ = - 4 sín60° 


= 2.0744 kN 

F * = /<ÔlÒ769)nr(B744)î = 2.10 kN 


1 = 


2.0744 ' 

30769J = 8( * 6 ° -*> 


(■ +4r 0 = IM r w „ ,, 12 5 

° ' * ~ 6( Î3 )(4) + «(4)' 


(,3>(5) - 4 cos60°(4) 
= -10.62 kN m =10.6 fcN-n 


mj 


Ans 


4-107. Replace the force and couple system by an 
equivalent force and couple moment at point P. 



= ZF ■ f _ 5 

** a* 6(jj) - 4 eosóO 0 


= 0.30769 lcN 


+ t£K. = 


“ 6(~) - 4sin60° 


0 = un-ri£fl]_ 8160 . 

L 0.30769J - 81 6 4S 


t +«, = 34, = 8 - 6 (~)( 7) + 6(— )(5 ) _ 4 ^ 

13 13 ' 00860 (*) + 4 sin60°(; 

«n =-16.8 ItN n, = 16.8 kN m , . 

) Ans 
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4-110. Replace the force system acting on the beam by 
an equivalent force and couple moment at point A. 


2.5 kN 1.5 kN, 


“♦ f d, =&,. Fi,, = !.5sin30°-2.5^j 

= -1.25 kN = 1.25 kN «- 

+ 1 ' / ì, =ZÇ; />, =-1.5cos30°-2.5^j-3 
= -5.799 kN = 5.799 lcN i 

F t = = /t-25 J + 5.7992 = 5.93 kN 

a ( F *. V .. -if5.7995 „ 


.,/5.7993 

tr an iTijj= 77 ' 8 " 



i25KH 

Jan 

fn 

i 

\/\ 

5-799 

1 / 1 

i 



C + ~ '• M *. - -2.3^ j(2) - 1.5cos 30°(6) - 3(8) 

= -34.8 kN n) = 34.8 kN m ( Clockwise ) Ans 


4-111. Replace the force system acting on the beam by 
an equivalent force and couple moment at point B. 


2.5 kN 1.5 kN 



/>, = ZF ,; />, = I.Ssin 30° -2.5^ j 

= -1.25 kN = 1.25 kN . 


+ T /j, = ZF y ; /ỳ, =-1.5cos30°-2.5(J j-3 


= -5.799 kN = 5.799 kN i 


F, = +/?, = /1.25 J + 5.799 2 = 5.93 kN 

e=ûn "í| i )= Qn "S)' 77 - 8 ° 


V 

H5M 

p 

1 ^ 

r°y 

✓ 

/ 

'5.79?/rW 

1 


C + M *. = ; M ,. = 1.5cos 30°(2) + 2.50 j(6) 

= 11.6kN m ( Counlerclockwise ) Ans 
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mvt^.UteciRg^igréatìeg^^n the frame by a sing|e 
resultant force. Specify where its line of action intersects 
member AB, measured from A. 



Af„ x = ÎF/, F <x - -200 lb = 200 lb «- 
+ ÎF„ =Ï.F r ; F„ =-300 - 200 - 400 = -900 Ib = 900 Ib i 

F = / (-200) 2 + (-900) 2 = 922 lb Ans 

900 

8 = tan (-—) = 77.5° «7 Ans 


C+M ka = 1M a ; 900(x) = 200(3) + 400(7) + 200(2) - 600 

3200 

x = - = 3.56 fî Ans 

900 


4-115. Replace the three forces acting on the beam by 
a single resultant force. Specify where the force acts, 
measured from end A. 


700 N 



ïf«; 


fsi= 450cos60«- 700 S t n 30»=-125N=125N*- 


F 'y 


. - 450 sinbCF - 700 cos30° -300 = - 1** " “ 12% 


F = /(-125)“+ (-IMójï = 1302 N 


Ans 


0= tan 


= 84.5” «7 


Ans 


125 


1296W=450 

X = 7.36 m 


sin60”(2) + 300(6) + 700 cos30”(9) + 1500 
Ans 


*4-116. Replace the three forces acting on the beam by 
a single resultant force. Specify where the force acts, 
measured from B. 



->F Mx = ïjr , F„ x = 450 cos60° - 700 sin30° = - 125 N 
+ T/>, =2^; F Rj = - 450 sin60° - 700 cos30° -300 = 
F = VT- 125)2 + (-1296)2 = 1302 N Ans 


- 125 N <— 

-1296 N = 1296 N 


* -i 1296 

9 = tan '(-) 

125 


Ans 


(+M„ -ï 1296(x) = -450 sin60°(4) + 700 cos30°(3) + 1500 


l 


x = 1.36 m (to ttic ríght) Ans 
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4-117. Determine the magnitudes of F, and F 2 and the 
direction of F t so that the loading creates a zero resultant 
force and couple moment on the wheel. 


Force Summation : 


->0 = X/i; 0 = /ì+60-íjcos9 - 30cos 45° 

F 2 -/■ cos 6 = -38.79 

+ T 0=ZF f \ 0 = /J sin 8 — 30sin 45° 

/J sin 0 = 21 . 2 ] 

Moment Summation : 

£+ 0 = 1*4,; 0 = 80- /ỳ (0.75) -30(0.75) 

- fj sin 0(0.75cos 30°) 

-/Jcos 0(O.75sin 30°) 


[ 1 ] 


[ 2 ] 


[3] 


Solving Eqs.fl), [2] and [3] yiekis 

/ỳ=25.9tb 0=18.1° fj=68.1tt> Ans 


4-118. The weights of the various components of the 
truck are shown. Replace this system of forces by an 
equivalent resultant force and couple moment acting at 
point A. 


+ 1'' r t=£F y ; /> =-1750-5500-3500 

= -10750 Ib = 10.75 lupi 


Ans 


(+ M Sa =ZM a \ M Ra = 3500(20)+ 5500(6)-1750(2) 

= 99500 Ib ft 

= 99.5 lap ft ( Counterclockwise) Ans 




1750 Ib 


2 ft 


182 





www.usacingenieria.blogspot.com 
4-119. The vveights of the various components of the 
truck are shown. Replace this system of forces by an 
equivalent resultant force and specify its location 
measured from point A. 



-14 ft-|^ 6 ft-j~| 


Equiraitni Force : 

+ T/ > = ZF ,’ fi, =-1750 - 5500 - 3500 

= -10750 lb= 10.75 típi An» 

Locaiion of ResuUant Force From Point A : 

= 1075 °(4) = 3500(20)+ 5500(6)-1750(2) 

4=9.26 ft ... 



* 4-120. Replace the 


f esultant force. Specifv l w a h d ere ê it 0n r lhe by a sin « ,e 
'nember AB, measured f rom a ° fmtersects 


~*j 1 m I* 2 m - -- 3l 

v^rTF= 


F *” F *’ 25 °tj) - 500 (cos60°) = -450 N = 450 N <- 

+ ÎZF,-ZF y , F Ry = -300 - 250(- 3 ) - 500sin60° = -883.0127 N = 883.0127 N i 

F * = i((-450)2 + (-883.0127)4 = 991 N Ans 

tì _ -,.883.0127 

6 ~ 1 450 ) = «3.0° «7 


l + A ^ = 450 v = m> + ( 5e 9cos60°)(3) + 250(- 4 )(5) - 300(2) - 250(- 3 ) 


800 

7 = — = 1.78m 
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4-121. Replace the loading on the frame by a singie 
resultant force. Specify where its line of action intersects 
member CD, measured from end C. 


—-i 1 m -— 

/c\ _ B_ 


2 m—-r-3 m- 


500N i.l 


F„ = -250(-) - 500(cos60 o ) = -450 N = 450 N 


+ Î£Ç=ïf?; F„ y = -300 - 250(-) - 500sin60° = -883.0127 N = 883.0127 N 1 


F t = /(-450) 2 + (-883.0127) 2 = 991 N 


883.0127 

0 = tan '( ■ ■ ) = 63.0« SF 

450 


C+M ti = ZM C . 883.0127 x = -400 + 300(3) + 250(-)(6) +500cos60“(2) + (500sin60«)(l) 


* 2.64 m Ans 


4-122. Replace the force system acting on the frame by 
an equivalent resultant force and specify where the 
resultant's line of action intersects member AB, 
measured from point A. 



2* F,, = ZF, ; F„ = 35 sm 30« + 25 = 42.5 Ib 
+ i F,, - ZF, ; F,, = 35 cos 30« + 20 = 50.31 lb 

F, = ^(42.5) 2 + (50.31 y 2 = 65.9 lb Ans 

8 = St) = 49 80 ^ Ans 

Ç+M,t = ZM t ; 50.31 ( d ) = 35 cos 30« (2) + 20 (6) - 25 (3) 



d = 2.10 ft Ans 
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4-123. Replace the force system acting on the frame by 
an equivalent resultant force and specify where the 
resultant's line of action intersects member BC , measured 
from point B. 


-* Ft - ’ tF ' ; f». = 35 Jin 30» + 


23 = 42.5 lb 


+ i f* r = ZF r ■ F,, = 35 eoj 30» + 20 » 50.31 Ib [_ 

F » ‘ i/(42.5)2 7 (50.31)4 » 65.9 Ib Aiu 

6 ° “ ' (^j) = 49 S ° \ Ans ^ 

(+M,a = ZM, ; 50.31 (6) - 42.5 (4). 35 au 30» (2)+ 20 (6)- 25 (3) 

à » 4.62 ft Anj 




4-125. Replace the force and couple-moment system by 
an equivalent resultant force and couple moment at point 
O. Express the results in Cartesian vector form. 


M = (-201 - 70j + 20k|kN • m 


F= |8i + 6j + 8k)kN 


F«=EF; F, = (81 + 6j + 8 k> kN An* 


M*o = ZMo ; M,o = - 20 i - 70 j + 20 k + -6 5 5 

* 6 * 


m m 


= {-101+ 18j-56k}kN m An, 
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4-126. Replace the force and couple-moment system by 
an equivalent resultant force and couple moment at point 
P. Express the results in Cartesian vector form. 


r. » (81 + 6J + 8k| lcN Ani 

I J k 

M„ = = - 201 - 70 j + 20k+ -6 5 11 

8 6 8 

= (-461 + 6ój - 56k) kN m An» 


M = i-20i-70j + 20k|kN ■ 


-4 m- ++ 5 m 


F=(8i + 6j + 8k)kN 


1 5 m 


4-127. Replace thc force and couple-moment system by 
an equivalent resultant force and couple moment at point 
Q. Express the resuits in Cartesian vector form. 


M = {—20i - 70j + 20k)kN ■ m 


F = ( 8 i + 6j + 8 k)kN 


r, » (81 ♦ 6J + 8kJ kN Aa 

I J k 

M, a = -201 - 70J + 20k+ 0 J 5 
8 6 8 

- (- 101 - 30J - 20k| kN- m Am 


i m ++ —5 m- 

'Y 


*4-128. The belt passing over the pulley is subjected to 
forces F, and F 2 , each having a magnitude of 40 N. F, acts 
in the — k direction. Replace these forces by an 
equivalent force and couple moment at point A. Express 
the result in Cartesian vector form. Set 0 = 0° so that F 2 
acts in the — j direction. 


Y __r = 80 mm / 


f r = F, + F 2 
F* = {-40j - 40k}N 
M ra = X( r x F) 


i 

j 

k 

i 

j 

k 

-0.3 

0 

0.08 + 

-0.3 

0.08 

0 

0 

-40 

0 

0 

0 

-40 


= {-12j + 12k} N m 


186 





www.usacingenieria.blogspot.com 

4-129. The belt passing over the pulley is subjected to 
two forces F, and F 2 , each having a magnitude of 40 N. 
F i acts ln the ~k direction. Replace these forces by an 
equivalent force and couple moment at point A. Express 
the resuit in Cartesian vector form. Take 6 = 45°. 


: F. + R 



- -'»co S 45«j + (_4 0 _ 40sin4JO)k 
F * = { ' 28 - 3 J - S«.3k} N Anj 
r ífi = { -0.31 + 0.08J) m 

r * n = '° 3i ~ 0 08 sia45°j + 0.08 cos45°k 
= { -0.31 _ 0.0566J + 0.0566k} m 
= ( r +í-i x F,) + (r Án x F;) 

i 


1 J k 

-0.3 0.08 0 

0 o —4ol 


I 1 k 

+ n' 3 -° 0566 00566 

0 -40 cos45° -40 sin45 


M *4 

AIso, 

m,,. 

K 

M. 


{-20.5j + 8.49k} N-m 


Ans 




m', = a ' 2m ° 566) + ^ 2 * 00566 ) - 40(0.08) 


Mra 

, = ZMa, 

MjtAj 

= -28.28(0.3) 

M„, 

= -20.5 N-m 

M„ Ál 

= 

M«a, 

= 28.28(0.3) 

M, a . 

= 8.49 N-m 

M.+ 

= {-20.5J + 8.4 





Ans 
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4-130. Replace the force system by an equivalent force 
and couple moment at point A. 


V, \ F, - F, + F 2 + F, 

= (300+ 100) i + (400- 100)j + (-100 - 50 - 500)k 
= {400i + 300j - 650k } N An» 

Theposidon veaors mr AI = ( 12k} m »nd r Af = {—lj} m. 

M s< =EMj; M^ = r ÁI x F,+r A4 x F 2 +r <£ x F, 


i 

j 

k i 

j 

k 

0 

0 

12 + 0 

0 

12 

300 

400 

—1001 100 

-100 

-50 


i j k 

0-1 0 
0 0 -500 


= {—3100Î + 4800J} N m 


4-131. Ihe slab is to be hoisted using the three slings 
shown. Replace the system of forces acting on slings by 
an equivalent force and couple moment at point O. The 
force F|, is vertical. 


F 2 - ( IOOí - lOOj - 50k|N /j|x : F, = (300i + 400j - IOOk)N 


F, = ( -500k)N ' 


Forct Vectorr : 

F, ={6.00k} kN 

F 2 = 5(-cos 45°sin 30°1 + cos 45°cos 30°j + sin 45°k) 

= {—l-768i + 3.062j + 3J36k} kN 

F, =4(cos 60°i + cos 60°j + cos 45°k) 

= {2.00i + 2.00j + 2.828k} kN 

Equivalent Forct and Couple Moment At Point O: 

F, =IF; F, =F,+F 2 +F, 

= (-1.768 + 2.00) i + (3.062 + 2.00) j 

+ (6.00 + 3.536 + 2.828) k 

= {0.232Ì + 5.06J+ 12.4k} kN An 

The posioon vectors are r, = {2i + 6j} m snd r 2 = {4i} m. 

= ^Mo : M^ = r, x F, +r 2 x F 2 


F, = 4 kN 


* J 

k 1 

j 

k 

: 2 6 

0+4 

0 

0 

0 0 6 

•OOl -1.768 

3.062 

3.536 

(3tOi-26.1j+12.2k) kN m 


Ans 


Fì = 5 kN (45 > 


F, =6kN 


>■ 
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*4-132. A biomechanical model of the lumber region of 
the human trunk is shown. The forces acting in the four 
muscle groups consist of F R = 35 N for the rectus. 
Fo = 45 N for the oblique, F L = 23 N for the lumbar 
latissimus dorsi, and Fç = 32 N for the erector spinae. 
These loadings are symmetric with respect to the y-z 
plane. Replace this system of parallel forces by an 
equivalent force and couple moment acting at the spine, 
point O. Express the results in Cartesian yector form. 


fit =£*■,; F» = t 2(35 + 45 + 23 + 32)k} = (270k> N Ans 

M*o, = = |-2(35)(0.075) + 2(32)(0.015) + 2{ 23) (0.045) ] i 


Ff F / 



50 mm 4Umm 


M JO = {—2.22i} N m 


4-133. The building slab is subjected to four parallei 
column loadings. Determine the equivalent resultant 
force and specify its location (x, y) on the slab. Take 
F, = 30 kN, F 2 = 40 kN. 


+ T F.=ZE\ F. =-30 - 50 - 40 - 20 = -140kN = 140kN4 Ans 


(M,) x =XM,. -14py =-50(3)-30(11)-40(13) 


y = 7.14 m 


(M„) y = X M y ; 140x = 50(4) + 20(10) + 40( 10) 



H34. The building slab is subjected to four parallel 
:olumn loadings. Determine the equivalent resultant 
orce and specify its location (x, y) on the slab. Take 
= 20 kN, F 2 = 50 kN. 


20 kN 50kN | 


+ 2> = 20 + 50 + 20 + 50 - 140 kN 


M» 0 . = IM,, 


140« = (50)(4) + 20(10) + 50(10) 




M, 0x = TM .; 


-14000 = —(50)(3) - 20(11) - 50(13) 


y = 7.29 m 
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♦4-135. Replace the two wrenches and the force, acting 
on the pipe assembly, by an equivalent resultant force and 
couple moment at point O. 


Force And Moment Vectors : 


llOON 

's. 


F, = {300k} N 


Fj = {100j} N 


Fj = 200{cos 45“i-sio45°k} N 
= { 141.42Ì- 141.42k} N 

M, = {100k} N • m 

M 2 = 180{cos 45 ,ï i-sin45°k} N m 
= {127.28Ì — 127.28k} N m 

Equivalent Force and Couple Moment At Point O : 

F,=£F; FjsF^+Fj + Fj 

= 141.421 + 100.0j + (300- 141.42) k 

= {141i+100j+159k} N 


♦4-136. The three forces acting on the blocle each have 
a magnitude of 10 Ib. Replace this system by a wrench 
and specify the point where the wrench intersects the z 
axis, measured from point O. 


-0 5 m 0.6 m—0.8 m- 
45M/ 200 n 


sD 

j 180 N -1 


The position vcctors are r, = {OJj} ra and r 2 = {l.lj} 
M «.*2V«o; M «. =<-, x F,+r 2 x F, +M, +M, 

l‘ J M 


= 0 0, 

0 c 


j k 

3.5 0 

0 300 

! j k 

+ 0 1.1 0 

141.42 0 -141.42 


+ 100k+ 127.28i - 127.28k 


= {122i - 183k} N m 



F* = f-lOJ} lb 


Mo - (6J + 2kJ X C-10J) + 2(10)(-0.707i - 0.707J) 
= { 5.8581 ~ 14.14J} lb-ft 




, 5.858 

z -= 0 586 ft 


F » = {—10j> lb Ans 

M-= {-14.1J}lbft Am 
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«37. RepTace the three forces acting on the plate by a 
wrench. Specify the magnilude of the force and couple 
moment for the wrench and the point P(x, y) where its 
hne of action ìntersects the plate. 


Ffl=(800k}N 
= (500i)N f 




F c = {300j}N 


i, I^ÍOOM 


F, = {5001 + 300j + 800k} N 

Fg = y , (500) 2 + (300) 2 + (800) J = 990 N Ans 

u„ = {0.50511 + 0.3030J + 0.8081k} 

M, = 1M X .\ = 800(4-y) 

M K = IM y .\ M kf = 800x 

M,. = lM t .\ M, f = 500> + 300(6-x) 

Sincc M* also acts in the direction of u FR , 

M r ( 0.5051) = 800(4 -y) 

M r ( 0.3030) = 800x 

Aí*( 0.8081) = 500y + 300(6-*) 

M r = 3.07 kN m Ans 

* = 1.16 m Ans 

y = 2.06 m Ans 


6-x J 
300 N 


4-138. Replace the three forces acting on the plate by 
a wrench. Specify the magnitude of the force and couple 
moment for the wrench and the point P(y, z) where its 
line of action intersects the plate. 




F s = {-60j)lb 


RnuUant Force Veclor : 


F, = {—40i -60j-80k} Ib 

= V(-40) ! + (-60) 2 + (-80) J = 107.70 lb = 108 Ib Ans 

-40i — 60j — 80k 

u F --:- 

107.70 

= -0.3714Í -0.5571j-0.7428k 


= {—80k} lb 


F c = {—40i }Ib 


Solving Eqa.flJ, (2). and (3] yields : 

M, =-6241b ft J = 8 . 69ft y = 0414ft 


Res ultant Moment : Thc line of action of M* of the wrench is parallel to "* 

the line of «ctìon of F, Assume that both M„ and F, have the same The " Cgal ' ve sign “«licates that the line of action for M ú din««r + 

sense . Therefore, u Mj = -0.3714Ì -0.5571j-0.7428k. oppositc sense to that of F,. * b ' <li ' 


(M,)'.=IM,.; 

-0.Ì1UM, = 60(12-z) + 80y 

UJ 

(M*) r .=I^.; 

-0.5571 M, = 40z 

(2} 

(«,),. =a^.; 

-0.7428AÍ, =40(12-y) 

[3] 
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4-139. The loading on the bookshelf is diztntíáp 
Determine the magnitude of the equivalent resultant 
location, measured from point O. 



ItUHlUilliiilIf llnif i ■■■■■■I 

iililllllliilllll 



+ 4. F, 0 = ZF; F,o = 8 + 5.25 = 13.25 = 13.2 lb i A« _L _ 

I r 

C + M„ 0 = ZM 0 ; 13.25* = 5.25(0.75 + 1.25) - 8(2-1.25) j= pf 

. = 0 3400 A- iW 


x ■ 0.340 ft 


4-14«. The masonry support creates the loading 
distribution acting on Ihe end of the beam. Simplify this 
load to a single resultant force and specify its location 
mcasured from point O. 


Equivalent Resultant Force : 

+ T /J = X/J; f k = 0.300 + 0.225 = 0.525 lcN T Ans 
Location of Equivalent Resultant Force : 

0.525 (d) = 0.300(0.15) +0.225(0.2) 



d = 0.171 m 


4-141. Replace the loading by an equivalent force and 
couple momení acting at point O. 


500 kN • m 



+ T F, = ZF y ; F K = -22.5 - 13.5 - 15.0 

= -51.0 kN = 51.0 kN i Ans 






50OKAHn 1 'T 


J+ M, o =lM 0 ; M Kq = -500— 22.5(5) — 13.5(9) -15(12) 

= -9l4kN m 

= 9i4kN-ra ( Clockwise ) An s 


5rn T T 3«-> 


192 




www.usacingenieria.blogspot.com 

measured from point 0. h beam 

Equivaìent Resultant Foree : 

+ í F*=ZF,; -F k =-22.5-13.5-15 

F > =51.0IcN J. Ans 

Location of Equivalent Resultant Force : 

Ç+(W S ) 0 = ÏMo' -S1.0(á) = -500-22.5(5) - 13.5(9) - 15(12) 


d = 17.9 m 


Ana 


exerts a force of 3000 ItTon t'h SUPP ° rt the n °° r whi ch 
effect of soil ores^JÍ * t0p ° f . the “'umn. íhe 
shown. Replace this loadingV' 5 ^ ** distribut ed as 
force and specify where 1t í T e ? U,Valent resui tant 
measured from its base A. * 3 ° ng the co,umn . 

3000 lb 



(.+«, s =ZAf, 


- 7.5 m ■ 


F, x = 720 + 540 = 1260 lb 


126di = 540(3) +720(4.5) 
•r = 3.86 fi 


Ans 


?' ,< “ dí " 8 b » “ ‘o™ m,T 

coupie moment acting at point 0. 

15 kN/m 



6 kN/m 


15 kN 


- 4.5 m - 





4(15+55(9) = 


+ ^^ Z/r ’ Fj, = 90 kN i 
<’+*,<, =ZA/ 0 ; A/, 0 = 90(3.75) = 33g ^ 


measured .hfpi.Tc >°" °” "" b “ m ' 



+ J-/>=ZF; /> = 12 000 + 6000 = 18 000 lb 

F* = 18.0 lcip i Ans 

C+U,c =FMc. 18 000» = 12 000(7.5) + 6000(20) 
-'=»■7 11 Ans 


;-r.r |7.j' 

^»000 u k°ooU> 
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*4-Wu^W ie ífié bl0 »b C uTd loading by an 
eqmvalent resultant force and specify its location + -Lf. = zf 
measured from point A. ' 

800 N/m 


/> = 1600 + 900 + 600 = 3100 N 
* = 3.10 kNi Ans 


^100) = *«X,(„ + 900(3) + 600(3.5, 


200 N/m 


x - 2.06 m 



lOOn/ 


flï-4-. 


2 *> 3«i 


4-149. The distribution of soil loading on the bottom of 
a building slab is shown. Replace this loading by an 
equivalent resultant force and specify its location, 
measured from point O. 



+ T/> = 50( 12) + |(250)(12) +j(200)(9)+ 100(9) 

= 3900 lb= 3.90 ki p T Ans 



ÌU»X<UH i<ii»>(9)lk 


(. +M, e =lM 0 \ 3900(d) — 50(12,(6) + 5-(250)(12)(8) + j(200)( 9) (15) + 100(9,(16.5) 


4-150. The beam is subjected to the distributed loading. 
Determine the length b of the uniform load and its 
position a on the beam such that the resultant force and 
couple moment acting on the beam are zero. 


Rcquire /> = 0. 

+ Î/>=IÇ. 0= 180-206 

b = 9.00 ft 

Rcquirc M„ a = 0. Using the result b = 9.00 ft, we have 



(+ M *. =1M *- 0 = 


180(12)-20(9.00)^+ 
a= 7.50 fl 





T<éo)($J= 180 ib 
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*4-148. Replace the distributed loading by an equivalent 
resultant foree and specify its location, measured from 
point A. 


+ IF k = -LF: Fr = 16(X) + 9(X) + 600 = 3100 N 
Fr = 3.10 kN | Ans 
= E M,,; r(3100)= 1600(1) + 900(3) + 600(3.5) 

\ = 2.06 m Ans 


4-149. The distribution of soil loading on the bottom of a 
building slab is shown. Replace this loading by an equiv- 
alent resultant force and specify its location, measured 
from point O. 


+ t f K = EF,; F k = 50(12) + i(250)(!2) 

+ ï<200)(9) + 100(9) 


= 3900 lb = 3.90 kip f Ans 


^ +Mr„ = 3900W) = 50(I2)(6) + Í(250)(12)(8) 

+ i(200)(9)(15) + 100(9)06.5) 
d — 11.3 ft Ans 


4-150. The beam is subjected to the distributed loading. 
Determine the Jength b of the uniform load and its position 
a on the beam such that the resultant force and couple 
moment acting on the beam are zero. 


Require Fr = 0. 

+ tf« = ZF y -, 0=180-40/; 

b = 4.50 ft Ans 

Require Mr a = 0. Using tlie result b = 4.50 ft, we have 

^ / 4.50 \ 

C +Mr a = EAÍ a ; () = 180(12) - 40(4.50) ( a + — I 

a = 9.75 ft Ans 







www.usacingenieria.blogspot.com 

4-151. Replace the loading bv an equivalent resultant 
torce and specify its location on the beam. measured from 
point B. 


+ = ZF; F„ = 4800 + 1350 + 4500= 10 650 Ib 


800 Ib/ft 




F„ = 10.6 kip 1 Ans 

500 lb/ft C + m kb =ZMb , 10 650x = -4800(4) + 1350(3) + 4500(4.5) 


-t = 0.479 ft Ans 


oow I g, 50014 


SSHS;!.: 



=ÏJF, , F„ = 1000 N 

+ If r> =if;-, F r> = 900N 


F r = /(1000)7 + (900) 2 = 1345 N 


F. = 1.35 kN 


,f 900 1 

- = 42.0° 

LlOOOj 


ÒOOH 

^ ( VdorJ 


<. +M ká = TM Á ; 1000y = 1000(2.5) - 300(2) - 600(3) 


y = 0.1 m Ans 


4-153. Replace the distributed loading by an equivalent 
resultant force and specifv where its linc of action 
intersects member BC, measured from C. 

200 N/m 



200 N/m 


= ZF, ; F r , = 1000 N 
+ J- F, y = TF y ; F r> = 900 N 
F r = /(1000) 2 + (900) 2 = 1345 N 


F„ = 1.35 kN 



" = ‘“"[3 = 420 °»7 Ans 

(. +M, C = IM C ; 900^ = 600(3) + 300(4) - 1000(2.5) 


x — 0.556 m Ans 
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4-154. Replace the loading by an equivalent resultant 
force and couple moment acting at point O. 


7.5 kN/m 



.1 4.5 m 


Fr - ý( 12.5)(4.5) + 7.5(4.5) + 7.5(3) + j(7.5)(3) 


t + M Ko =zm 0 -. m Ro =-i(12.5)(4.5)(1.5)-7.5(4.5)(2.25) -7.5<3)(6)-*<7.S)(3)(8.5) 
= -349kN m=349kN m i Ans 



4-155. Wet concrete exerts a pressure distribution along 
the wall of the form. Determìne the resultant force of this 
distribution and specify the height h where the bracing 
strut should be placed so that it lies through the line of 
action of the resultant force. The wall has a width of 5 m. 


-P =(4z'")kPa 




Equivaltnt Resultant Forct : 

F t =ZF, , -F,dA=-f‘wdz 

A 0 

F,- f “(W)(lO J )<fe 

■' 0 

= 106.67( 10’) N= 107 kN 

Location of Equivalent Resultant Force : 

Í A zdA _ f Z 0 zwdz 
TTdÂ I' wdz 


j’‘”(20z ; )(10 3 ) i fe 

/;"[(2°zi)( 1 °’)]ifc 

J*"(20zi)(10’)<fe 



* '• 


xÇzozr-Xio'j 


h = 4 — f — 4 — 2.40 - 1.60 m 
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4-156. Wincf has blown sand over a platform such that 
the intensity of the load can be approximated by the ^ = w <*x 
function w = (0.5x 3 ) N/m. Simplify this distributed 
loading to an equivalent resuìtant force and specify the * = JdA = \ u, / dx 
magnitude and location of the force, measured from A. 0 2 




= 1230 N 
= 1.23 kN 


JxdA = J'°:x 4 <tx 

o 2 


Ans 



= 10000N m 
10 000 

* ~ 1230 = 8 00 m Ans 



4 - 157 . Replace the loading by an equivalent force and 
couple moment acting at point O. 


RêtuUant Forc, And Moment At Foint O : 

+ îf>=S/>; F,=-J dA=-\\dx 

A 0 

/ 9 m t 

^20Qr s ^dx 

=-3600 N = 3.60 kN i An 

C + M *o ~ ' ÍM o- M, 0 = -l*xwdx 

= -j:’x(2oax>)dx 

=-/:"(2- ; > 

= -19 440 N • m 

= 19.4kN m ( Clockwis,) Ans 



dF=d* 

, i I df< ■ ~dd.K 

X--'" 


Hh 

cbi 
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*4-158. The lifting force along the wing of a jet aircraft 
consists of a uniform distribution along AB, and a 
semiparabolic distribution along BC with origin at B. 
Replace this loading by a single resultant force and 
specify its location measured from point A. 


2880 Ib/ft 


Equivalent Resultant Force : 

+ î/^=2;íŷ; F„ = 34560+ J wdx 
o 

X 24fi 

( 2880- 5 x ! ) dx 

) 

= 80640 lb = 80.6 kip T Ans 

Location of Equivalent Resultant Force : 

(+ ; 

80640* = 34560(6) + J' <* + 12) wdx 
0 

80640* = 207360 + J (* + 12) ( 2880 -5 x 1 ) dx 
80640* = 207360 + J^ ( -5*’ - 6Q* J + 2880* + 34560) dx 

x = 14.6 fl Ans 



28àO'JZj *j4SéC lí df=d.A 

,—r—,— /dA=wdx 

\i I i 


íji Uyt i x 


4-159. Determine the magnitude of the equivalent 
resultant force of the distributed load and spccify its 
location on the beam measured from point A. 


. w = (5 (* - 8 ) +100) Ib/ft 


100 Ib/ft _ 120 Ib/ft 


Equivalent ResuUant Force : 

+ T/>=I^; ~F„=-j dA =-j wdx 

A 0 

F„ =J o ' 0 "[5(*-8) 2 + IOO]<1i 
= 1866.67 lb= 1.87 kip i 

Location of Equivalent Resultant Force : 

._ í^xdA _ lŷxwdx 

JjjdÂ \lwdx 

_ Íq 0,i *[5(*-8) 2 + IQOjdr 
~ íò° f, [5(j-8) 2 + 100]4* 

_ fj 0,1 (5* 3 - 8Q* 2 + 420*) dx 
fò 0, ‘[5(*-8) 2 + 100]<í* 

= 3.66 ft 



<#=<lAr-Wáx 

yf=[s(x-eff'Mj lh í}< 

"ir-^-- 


200 





*W«O'.uE0e ft g Wífie ^o (R | eR t a ( í8m resultant force Qf the 
distributed loading and its location, measured from point 
A. Evaluate the integrais using SimDson’s rule. 


h =í 5jt + (16 +jí 2 ) i/2 ) kN/m 5.07 kN/m 





F n = 14.9 kN 


{ * ÌF ~ { Wl/& + (lóT^jî dx 


33.74 kN-m 


4-161. Determine the coordinate direction angles a /3 
y of F ' which is a PP h ed to the end A of the pipe assemblv 
so that the moment of F about O is zero. 


Require M<, ■ 0. This happens when force F ls direcied along line OA eiiher 
from point OtoAor from point A to O. The unit vectors u 0A and u. 0 are 

(6-0)i + (14-0)j + (10-0)k 

u oa = 

y(6 — 0) 2 + ( 14 — 0) 2 + ( 10 — 0) z 
= 0.3293Ì + 0.7683j + 0.5488k 

Thus. 

a = cos’ 1 0.3293 = 70.8° Ans 

P- cos~ 1 0.7683 = 39.8° Aní 

y = cos~’0.5488 = 56.7° Ara 

_ (0-6)i + (0-14)j + (0—10)k 
u ao “ ~ 

V<0 — 6) 2 -*-(0 — 14) 2 + (0 — 10) 2 
= -0.3293Ì -0.7683j-0.5488k 

Thus, 

a = cos~' (-0.3293) = 109“ Ara 

P = COS' 1 (-0.7683) = 140° Ara 

7 = cos"'(-0.5488) = 123“ Ara 

- ' ' < ■ *— 3^» •~mmrnmmi~mmmmmmm~mmmmmmtm-m—mmmmmm—mmomm^—mm . 

V* ° ete " nine the mor nent of the force Fabout point 
aj^e orcehas coordmate d.rection angles of « = 60». 

vector ’ 7 ' preSS the result 35 a Cartesian 


Fotitio* Vtctor And Forct Vtcton : 

•oa = {(6-0)i + (14-0)j + (io- 0 )k} in. 

= { 6i + 14j + 10k} in. 

F = 20(cos 60°i +cos 120“j + cos 45“k) Ib 
= {10.0i-10.0j+14.142k} lb 

Momcnt of Forct F About Poinl O : Applying Eq.4-7, , 
M o = foa 

1 i k I 

=6 14 io 

100 -10.0 14.1421 


F =20 Ib 



>1 10 in. 


7^= 20 Ib 



= {298i + 15.1j-200k} lb i 
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*4-168. The horizontal 30-N force acts on the handie of 
the wretich VVhat is the magnitude of the moment of this 
force about the z axis? 


;-2()0 mm-— 


Position Vector And b'orce Vectors: 


r ba = I —O.OÎi + 0.2j} m 


r OA = {(-0.01 - 0)i + (0.2 - 0)j + (0.05 - 0)k} m 


: {—O.Oli + ().2j + 0.05k} m 


F = 30(sin 45°i - cos45''j) N 


M. = k - {toa x F) 


= {21.2131 - 21 -213j} N 

Moment of Force F About z Axis: The unit vector along the z axis 
is k. Appìying Eq. 4-11. we have 

M z = k • ( rB,\ x F) 


0 0 1 
= -0.01 0.2 0.05 

21.213 -21.213 0 


= 0-0 + 11 (—0.01)(—21.213) - 21.213(0.2)1 


0 0 1 
= - 0.01 0.2 0 
21.213 -21.213 0 


The negative sign indicates thal M. is directed along the negative 


: 0-0+ I [(—0.0!)(— 21.213) - 21.213(0.2)1 


= -4.03 N • m 


4-169. The horizontal 30-N force acts on the handle of 
the wrench. Determine the moment of this force about 
point O. Specify the coordinate direction angles at. ft. y 
of the moment axis. 

Position Vector And Force Vectors: 

r 0 A - {(-0.01 - 0)i + (0.2 - 0)j + (0.05 - 0)k} m 

= {—0.01 i + 0.2j + 0.05k} m 

F = 30( sin45 i - cos45°j) N 



= {2i.21.3i — 21.213j) N 

Aioment of Force F About Point O: Applying Eq. 4-7, vve have 
Mo = r oa x F 

j i j k ] 

= í -0.01 0.2 0.05 | 

i 21.213 -21.213 0 


The coordinate direction angles for M r , ure 


= 75.7° Ans 


= {1.06li + 1.061 j -4.03lk} N • m 
= {1,06i + 1.06j — 4.03k} N m Ans 
The magnitude of Mo is 

Mq = v'l 0f)! 2 + 1.061- + (—4.031 ) 2 = 4.301 N m 
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4-170. The forces and couple moments that are 
exerted on the toe and heel plates of a snow ski 
are F, = {-50i+80j-158k)N. M, = |-6i+4j+^k)N • 
m, and F* = {-20i+60j-250k)N. M h = f_20i+8j+3k) 
N ' respectively. Repiace this system by un equivalent 
force and couple moment acting at point P, Express the 
results in Cartesian vector form. 



F* = F, + F* = (—70i + I40J - 408k) N 

I > j k 

M*e = 0.8 0 0 

|-2() 60 -250 

i j k 

+ 0.92 0 I) + (-6i + 4j + 2k> + f-201 + 8j + 3k) 

-50 80 -158 

= (200j + 48k) + (I45.36j + 73.6k) 

+ (—6i + 4j + 2k) + (— 20i + 8j + 3k) 

= {—26ì + 357.36j + I26.6k| N ■ m 
M *r = l-26i + 357j + 127k| N • m 
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5-). Dravv the frec-body diagram of the 50-kg paper roll 
vvhích has a center of mass at 6' and rests on the smooth 
blade of the paper hauler. Explain the significance of each 
force acting on the diagram. (See Fig. 5-lb.) 


The Significanct of Each Force : 

W is ihe effex* of graviîy (waght) on the paper roll. 


and N e are the smooth blade reacrions on the 
papcr roil. 


5-2. Dravv the free-body diagram of the hand punch, vvhich 
is pinned at A and bears dovvn on the smooth surface at B. 



f'= 8 Ib- 



5-3. Dravv the free-body diagram of the dumpster D of 
the truck, vvhich has a vveight of 5000 Ib and a center of 
gravity at C7. It is supported by a pin at A and a pin- 
connected hydraulic cylinder BC (short link) Explain the 
significance of each force on the diagram. (See Fìg.5-7ò.) 


Thc Significance of Each Force : 

w ìs the effea of gravity (wdght) on the dumpster. 

A, and A x are the ptn A reacoons on the dumpster. 

F bc is the hydraulic cylinder BC reactìon on the dumpslrr. 




-1 


I.Sft 


T 

% _ 2 *. 
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5-6. Draw the free-body diagram of the crane boom AB 
which has a weight of 650 Ib and center of gravity at G. 
The boom is supported by a pin at A and cable BC. The 
load of 1250 Ib is suspended from a cable attached at B. 
Explain the significance of each force acting on the 
diagram. (See Fig. 5-76.) 


Tht Significanc* of Each Force : 


W is ihe effect of grsvity (weìghi) on the boom. 


A y and A x are the pin A reactions on the boom. 
T tc is the cable BC force reactions on the boom. 


1250 lb force is the suspended load reaction on the boom. 





' 736 



5- 'í’: Draw the free-body diagram of the beam, which is pin- 
supported at A and rests on the smooth incline at B. 


800 tb 800 lb 


600 lb 600 lb 


-3 ft *T‘ 3 ft —4— 3 ft t 3 ft- 


Wk 8,o* uo". ítolí 

L 1 I Ah I 


O.Cft A 


Prob. 5-7 
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5-8. Dravv the free-body diagram of member ABC 
which is supported by a smooth coliar at A, roller at B, 
and short link CD. Explain the signifieance of each force 
acting on the diagram. (See Fig. 5-7b.) 



The S ignificance of Each Force : 

N a is the smooih coliar reachon on meraber ABC. 

is the rolJer support B reacnon on meraber ABC. 

F cd is the shon linlc rtaction on raember ABC. 

2.5 kN is the effect of extemal appiied force on raember/tBC. 

4 lcN m is the effect of extemal applied couple momem on 
membcT ABC. 



I coj je-u. 
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5-11. Determine the reactions at the supports in Prob. 5-1. 


*5-12. Determine the magnitude of the resultant forct 
acting at A of the handpunch in Prob. 5-2. 





A - 8 = 0 


A r = 8 lb 


í, + ZM fl = 0; 8(1.5) - Ay (2) = 0 

= 6 lb 


Éf \ G 11 

m'%- íM 

ï\S.' 




Equations of Equilibrium : By sctting up the x and y axes in the 
raanncr shown, onc can obtain thc direct solution for N Á and N B . 

=0; N b - 490.5sin 30° = 0 N 8 * 245 N Ans 

\.+1 F r = 0; N t -490.5COS 30° = 0 N Á = 425 N Ans 


<% 


F. = /(8)2 + (6)2 = 10 lb 
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5-13. Determine the reactions at the supports for the 
truss in Prob. 5-5. 



Equations of Equilibrium : The tension in the cable can bc obtained 
directly by summing moments about point C. 

(+ 1Mc=0; T a „cos 30°(2) + 7^ s sin 30°(4) -3(2) -4(4) =0 
r.» = 5.89 lcN Ans 


-*ZF,= 0; C M — 5.89 cos 30° = 0 

C x = 5.11 kN Ans 

+ ÎIÇ=0; C, + 5.89sin30°-3-4 = 0 
C, =4.05 lcN Ans 


WÊÈ, 


5-14. Determine the reactions on the boom i 


in Prob. 



Equations of Equilibrium : Theforcein cable BC can be obtained 
directly by sumining moments about point A. 

(+ 1M Á =0; r sc sin7.380°(30)-650cos 30"(18) 

- 1250sin 60°(30) = 0 

T bc = 11056.9 lb = 11.1 kip Ans 

->TJF.=0 ; A. -11056.9^j = 0 

A x = 10206.4 lb = 10.2 kip Ans 


+ Î£2J=0; A, -650- 1250- 11056.9^^ = 0 
Ay = 6152.7 lb = 6.15 kip 
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5-15. Determine the support reactions on the beam in 

Prob. 5-7. t+m =o- ìn rn\ i., 

5 Bi ) ~ ( °' 6) ' 800(3 >-«00(6) - 600(9) -600(12, . 

% =2142.86 lb = 2.14 kip 

1 Ans 


800 lb 800 lb 



*5-16. Determine the reactions on the member A, B, C 
inProb. 5-8. 



° fEqUÌlÌbrÌum reacuon A- can bc obuúned 

djrcaly by sumnung momems about poim C. 

(+ ZMf. = 0; 2.5sin 60'(6) -2.5cos 60°(3) -4 

+ N Á cos 45° (3) -N A sin 45°(I0) =0 


^ - 0; 1.059cos 45° - 2.5cos 60° + F rn = 


212 



5-18. Determine the reactions at the pin A and at the 
roller at B of the beam in Prob. 5-10. 



-100(9.81)(cos30°)(1.75) - 100(9.81)(sm30 o )(0.1) 
HV J (sin30 o )(0.2) + N c ( 3) = 0 

1535.7991 + O.ÌN b +3 N c = 0 

't ~ 100(9.81) + tV c cos30° = 0 

, = 981 - JV c (cos30°) 





- N c ( sin30°) = 0 
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ifOf 8 Ib wiu, „„e ,™ heM 
as shown. Determme the force F H this exerts nn th 1 +z *4> = 0,- 

muscle B. Neglect the weight of the man’s arm. P 


->XF x = 0; 



-8(13) + 4(1.75) = 0 
F » = ».43 = 59.4 lb Ans 

8 - T a + 59.43 = 0 



7j = 67.4 lb 


5-23. The ramp of a ship has a weight of 200 lb and a 
center of gravity at G. Determine the cable force in CD 
needed to just start lifting the ramp, (i.e., so the reaction 
at B becomes zero). Also, determine the horizontal and 
vertica! components of force at the hinge (pin) at A. 



l + 0, p CD cos30°(9 cos20°) + F CD sin30°(9 sin20°) + 200(6 cos20°) = 0 


F cd = 194.9 = 195 lb 


-+ZÇ = 0; 194.9 sin30° - A r = 0 


A x 97.4 lb Ans & 

+ tlF y =0; A^ -200 + 194.9 cos30° = 0 



A,, = 31.2 Ib 
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*5-24. Determine the magnitude of force at the pin A 
and in the cable BC needed to support the 500-lb load. 
Neglect the vveight of the boom AB. 


Equationt of Equilibrium : The force in cable BC can be obained 
dircctlv by summing momems about poinl A. 

(+IAÍ,=0; F sc sin 13°(8) -SOOcos 35°(8) = 0 

F ÌC = 1820.7 lb= 1.82 Idp Ans 

ZF, = 0; A x - 1820.7cos 13° - 500sin 35° = 0 
A x = 2060.9 tb 

£F, = 0; A r + 1820.7sin 13° - 500cos 35° = 0 
A,=0 

Thus . F a =A x = 2060.9 lb = 2.06 ldp Ans 
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*5-28. Determine the tension in the cable and 
the horizontal and vertical components of reaction 
of the pin A. The pulley at D is frictionless and the 
cylinder weighs 80 Ib. 


EqucUions of Equilibrium : The tension force developed in the cabie is 
the same throughout the who!e cable.The force in the cable can be obtained 
directly by summing moroents about point A. 

Ç+ IM a = 0; T( 5) + rí^ (10)-80(13) = 0 

T= 74.583 lb = 74.6 Ib Ans 


-+ ZF X = 0; A, - 74.583 1^= J = 0 

/t = 33.4 Ib 



T T 


3T- 

' A" 

U - 

-'_ l 

1- .1 , 

5/t 

r 

sjt r sjt 


+ T "LFj =0; 74.583 + 74.583^j-80-B, =0 

/L =61.3 Ib Ans 
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5-31. The cantilevered jib crane is used to support the 

load of 780 lb. If the trolley T can be placed anywhere Requirejr = 7.5 ft 

between 1.5 ft < x £ 7.5 ft, determine the maximum 

magnitude of reaction at the supports A and B. Note that 1 +ZW '> = °: 

the supports are collars that allow the crane to rotate freely 

about the vertical axis. The collar at B supports a force in 

the vertical direction, whereas the one at A does not. = 



+ ÎZF =o : 


- 780(7.5) + B, (4) = 0 
B, = 1462.5 lb 


? f* _ - ^ 



A . - 1462.5 = 0 

A X = 1462.5= 1462 lb 
B>, - 780 = 0 

B, = 780 lb 


7» = i/(l 462.5) 3+ (780) 2 

= 1657.5 lb = 1.66 kjp Anj 


♦5-32. The sports car has a mass of 1.5 Mg and mass 
center at G. If the front two springs each have a stiffness 
of k A = 58 kN/m and the rear two springs each have a 
stíffness of k h = 65 kN/m, determine their compression 
when the car is parked on the 30° incline. Also, what 
friction force F„ must be applied to each of the rear 
wheels to hold the car in equilibrium? Hint : First 
determine the normal force at A and B, then determine 
the compression in the springs. 

Equations of Equilibrium +-The normal neacdon N À can be obtained 
dinsctly by summing moments aboul point B. 

^+EM, =0; 14 715cos30°( 1.2) 

- 14 715sin 30° (0.4) -2N À (2) = 0 

N À = 3087.32 N 


\+ Z/ï- = 0; 2F B - 14 715sin 30° = 0 

F s = 3678.75 N = 3.68 kN Ans 

/+ IFy =0; 2N S + 2(3087.32) - 14 715cos 30° = 0 
N, = 3284.46 N 

Spnng Force Formula : The compression of the sping can be detemúned 

f 

using the spring formulajr = 

k 



1500(9 80’/4-7/5 f) 



Z*Jx ^ 


3087.32 

x * " jgfTpT) = d'h5323 m = 53.2 mm 
3284.46 

*. = j(} 3 ) = ®-05053 ra = 50.5 mm 
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^~'^^Jwv?!ì}êá2í : ^i l e I hfôPite.l§l , é®^pÊ)tscíÌVÇi three lines, each line 
exerting a vertical force on the pole due to its vveight as 
shown. Determine the reactions at the fixed support D If 
‘t 1S Possible for wind or íce to snap the lines, determine 
which hne(s) when removed create(s) a condition for th^ 
greatest moment reaction at D. 


-—3 ft—J 



= 0 ; 


-Tz^ -0; D> _ 1650 _ 0 


1 = 0 ; 


D > = T65 lcip Ans 

-450(4) - 400(3) + 800(2) + M D = 0 
M d = 1.40 Idp-ft Ans 


Require 800 lb line t, 


3.00 lcip-ft Ans 




5-34. The jib crane is pin-connected at A and supported 
by a smooth collar at fi. Determine the roller placement x 
of the 5000-lb load so that it gives the maximum and 
mimmum reactions at the supports. Calculate these 
reactions in each case. Neglect the weight of the crane 
Require 4 ft < x < 10 ft. 


Equations of Equilibrium : 


( + =0; N, (12) - 5-r = 0 N, = 0.4167* 

+ T IF r = 0; A, - 5 = 0 4^ = 5.00 kip 


I F, = 0; A, -0.4167* = 0 A x = 0.4167* 


By obscrvation, the maximum support reactíons occur whcn 





With x - 10 ft, from Eqs.[l], [2] and [3], the maximum support 
reactíons are 

A x =N B = 4.17 kip A y = 5.00 kip Ai 

By observatíon, the minimum support reactíons occur when 


Widì x = 4 ft, from Eqs. [ 1 ], [2] and [3], the minimum support 
reactíons are 

A x =N g = 1.67 lcip A y a 5.00 kip 
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5-35. If íhe wheelbarrow and its contents have a mass of 

60 kg and center of mass at G, determine the magnitude 
of the resultant force which the man must exert on each 
of the two handles in order to hold the wheelbarrow in 
equilibrium. 



4»0.ÍI)n 


(. + lM a = 0; 


+ t 1F =0; 



->ZF X = 0; 


B x =0 
F B = 105 N 


Ans 
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*5-36. The pad footing is used to support the !oad of 
12 000 Ib. Determine the intensities w, and w 2 of the 
distributed loading acting on the base of the footing for 
the equilibrium. 


Equations of Equilibrtmn : Thc ioad ini 
dirocdy by summing momcnts aboutpoimA. 


intcnsity w 2 can bc dctcrmincd 


^(|)l7.5-ll.67)-I2(14-n.67)=0 

«î = 1.646 kip/ft = 1.65 kip/ft Ans 

2 I ( M ' , ' 1 - 646 ) ( ïi ) +2 - 743 ©- 12 = 0 

=6.581rip/ft Ans 


12000 Ib 



r- 

35 in. —- 

/4/71 




■ « 

- ; * - 

' \ 4 ’ - * 

i a_: : 

_.î__ : 


"T. 

K(%) 

<&) 

'níJ-n. 

17 5 ,n ■ 


--37. The bulk head AD is subjected to both water and 
soil-backfill pressures. Assuming AD is “pinned" to the 
ground at A, determine the horizontal and vertical 
reactions there and also the required tension in the 
ground anchor BC necessary for equilibrium. The bulk 
head has a mass of 800 kg. 


Equations of Equilibrium : Thc force in ground anchor BC can bc 
obtained diroctly by summing momcnts about point A. 

(+ U1 A =0; 1007.5(2.167) — 236 (1.333)-F(6) =0 

F= 31 1.375 kN = 311 lcN Ana 


->1F,=0\ A, +311.375 + 236-1007.5 = 0 

A, = 460 kN Ans 

+ TIF 7 =0; A, -7.848 = 0 A r =7.85kN Ans 




118 kN/m A 310 kN/m 

r ' . to'S^ 


8 oo( 16 i):JQ 4 $ m \ F 


ì 33irr' 




jûm*) , i 

I 33îm I 


S- =looJ-5*A 

l^/bJrr 
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5-38. Tne telephone pole of negligible thickness ìs 

subjected to the force of 80 lb directed as shown. It is 
supported by the cable BCD and can be assumed pinned 
at its base A. In order to provide clearance for a sidewalk 
right of way, where D is located, a strut CE is attached 
at C, as shown by the dashed lines (cable segment CD 
is removed). If the tension in CD' is to be twice the 
tension in BCD , determine the height h for placement of 
the strut CE. 


^ +ÏM, =0; 


- 80(30) cos 30° + 


1 

VTÔ 


Tbcd (30) = 0 


Tbcd = 219.089 lb 



Require T CD ' = 2(219.089) = 438.178 lb 


+ T,M A = 0; 438.178 (d) - 80cos30°(30) = 0 

d = 4.7434 ft 

30 - h _ 30 
4.7434 ~ ÏÔ 

300 - 10 h = 142.3025 
h = 15.8 ft Ans 


5-39. The worker uses the hand truck to move material 
down the ramp. If the truck and its contents are held in the 
position shown and have a weight of 100 lb with center 
of gravity at G, determine the resultant normal force of 
both wheels on the ground A and the magnitude of the 
force required at the grip B. 



^ +SM g =0; (N a cos 30°)(5.25) + N A sin 30° (0.5) 

- 100sin30°(3.5) - 100cos30°(2.5) = • 
N a = 81.621 lb = 81.6 lb Ans 
+ \ EF, =0; - fl, + 100cos30° -81.621 sin30° =0 

B x = 45.792 lb 

/ + T.F, =0; B y - 100sin 30° + 81.621 cos30° = 0 
B y = -20.686 lb 

F b = V(45.792) 2 + (-20.686)- = 50.2 lb Ans 
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*5-40. The beam is subjected to the two concentrated 
loads as shown. Assuming that the foundation exerts a 
linearly varying load distribution on its bottom, 
determine the load intensities W] and vv 2 for equilibrium 
(a) in terms of the parameters shown; (b) set P = 500 Ib 
L = 12 ft. 


Equatíon, of Equilibrium : Tbe load imensiiy can be devcmuned 
directly by suraraijig raornents aboutpointA. 

2 P 


+ ÎIf> =0; 



2 P 

— (£)-3/> = 0 


Ans 


If P = 500 Ib and L = I2ft, 


2(500) 

w i = —jr—= 83.3 lb/ft 
4(500) 

w 2 = —= 167 Ib/ft 


Ans 

Ans 


P 2P 



P ZP 


i - 3 , , 3_J 


- H 


* 


ì 

— 

_ ^_i 

T H 

‘ L ' 



Ì$4r*.) L 


5-41. The shelf supports the electric motor which has a 
mass of 15 kg and mass center at G m . The platform upon 
which it rests has a mass of 4 kg and mass center at G p . 
Assuming that a single bolt B holds the shelf up and the 
bracket bears against the smooth wall at A, determine this 
normal force at A and the horizontal and vertical 
components of reaction of the bolt on the bracket. 
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5-42. A cantilever bearn, having an extended length of 
3 in, is subjected to a vertical force of 500 N. Assuming 
that the watl resists this load with linearly varying 
distributed loads over the 0.15-m length of the beam 
portion inside the wall. detertnine the intensities u>, and 
u >2 for equiiibrium. 


500 N 



+ t EFv = 0; ì(«.,)(0.15) - ~(w‘:)l0.l5) - 500 = 0 

^ +5 :M a = 0; - (500)3 - ^ (m>, )(0.15)(0.05) + 

(0.15X0.1) = 0 

These equattons become 

u'i — u: 2 = 6666.7 
lw 2 -wi = 400 (XX) 

Solving, 

u;i=4l3kN/m Ans 
u >2 = 407 kN/m Ans 
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5-43. The upper portion of the crane boom consists of 
the jib AB, which is supported by the pin at>l, the guy line 
BC, and the backstay CD, each cable being separately 
attached to the mast at C. If the 5-kN load is supported by 
the hoist líne, which passes over the pulley at B, determine 
the magnitude of the resultant force the pin exerts on the 
jib at A for equilibrium, the tension in the guy line BC, 
and the tension T in the hoist line. Neglect the weight of 
the jib. The pulley at B has a radius of 0.1 m. 


Frora pulley, tension in the hoist line is 


(, +SM, = 0 ; 


5(0.1) = 0; 


y'. £r“ 

* ' C.i 


Frorn thc jib. 



-5(5) + = 0 

y[?L56 


T„ r m 16.4055 = 16.4 kN Ans 


+ Tï/( = 0; -A, + (16.4055)(-= = -—) - 5 = 0 

^27.56 


► Lf; = 0; A, - ló.-IOSSí-p^) -5 = 0 
y 27.56 


F. = A. = 20.6 lcN Ans 


*5-44. The mobile crane has a weight of 120,000 lb and 
center of gravity at G^; the boom has a weight of 30,000 !b 
and center of gravity at G 2 . Determine the smallest angle 
of tilt 8 of the boom, without causing the crane to overturn 
if the suspended load is W = 40,000 lb. Neglect the 
thickness of the tracks at A and B. 



When tipping occurs, R A = 0 


^+EAÍj = 0; — (30 OOO)(12cos0—3) — (40 000)(27cos 0—3) + (120000)(9) = 0 


8 = cos ‘(0.896) = 26.4° Ans 


227 




ç.»»vw .-usacingenieria.bloqspot.com 
3 *S. rns ttiaBile crane a B5s a weight of 120,000 !b and 

center of gravity atG,; the boom has a weight of 20 000lb 
and center of gravity at G 2 . If the suspended load has a 
we 'ght of W= 16,000 Ib, determine the normal reactions 
at the tracks A and B. For the calculation, neglect the 
thickness of the tracks and take 6 = 30°. 





= 0; -(30 000)( 12cos30°-3)-(16 000)(27cos30°-3) - /^(13) + (120 000)(9) = 0 

R Á = 40 931 lb = 40.9 kip Ans 

+ ÎEF v =0; 40 931 + - 120 000 - 30 000 - 16 000 = 0 

Rft = 125 kip Ans 


5-46. The winch consists of a drum radius 4 in., which 
is pin-connected at its center C. At its outer rim is a 
ratchet gear having a mean radius of 6 in. ílie pawl AB 
serves as a two-force member (short link) and holds the 
drum from rotating. If the suspended load is 500 Ib, 
determine the horizontal and vertical components of 
reaction at the pin C. 


vSj- 3 in.-j 




Equations of Equilibrium : Thc force in short link AB can be obtained 
dircctly by sumraing raoracnts about point C. 


ZM C = 0, 500(4)-F aj (6) = 0 F a8 = 400.62 lb 

V 13 , 


->Zf;=0; 400.62|^— J-C, =0 

C, = 333 Ib 





■TZF 7 =0; C y -500 - 400.62 — =0 

ItA 3 J 


C, = 722 Ib 


~:c\o ~'t 
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5-47. The crane consists of three parts, which have 
weights of VV, = 3500 Ib, W 2 = 900 lb, VV, = 1500 Ib and 
centers of gravity at G,, G 2 , and G,, respectively. 
Neglecting the weight of the boom, determine (a) the 
reactions on each of the four tires if the load is hoisted 
at constant velocity and has a weight of 800 Ib, and (b), 
with the boom held in the position shown, the maximum 
load the crane can lift without tipping over. 

Equatiom of Equilibrium : The normal reactìon N, can be obtained 
directly by sumraing momenis about point A. 

Ç+1M b =0; 2 N, (17) + W( 10)-3500(3) 

-900(11)- 1500(18) = 0 

N, = 1394.12-0.2941 IV [1] 

Using the result/V fl = 2788.24-0.5882H', 

+ Î£/ỳ=0; 2N a +(2788.24-0.5882W)-W 

-3500 - 900- 1500 = 0 

N Á =0.7941 vy+ 1555.88 [2] 

a) Sei W = 800 Ib and substìtute mto Eqs.(l) and (2) yields 

N Á =0.7941 (800)+ 1555.88 = 2191.18 lb = 2.19 kip A. 

N, = 1394.12-0.2941(800) = 1158.82 lb = 1.16lcip A. 



I- - 10 ft- -I- - 4-8 ft --f— 6 ft — H l~ 

3 ft I ft 

b) w h«' *e crane is about to up over. the normal reacnon on N t = 0 
Frora Hq. [ 1 ], 

N, =0= 1394.12-0.2941W 
W = 4740 Ib = 4.74 kip 

__ 35ccib 




_ 

. 

1 

Srft 

ó/< ' 


*5-48. The boom supports the two vertical loads. Neglect 
the size of thc collars at D and B and the thickness of the 
boom, and compute the horizontal and vertieal 
components of force at the pin A and the force in cable 
CB. Set F | = 800 N and F, = 350 N. 



< - + LM * 0 • —800(1.5 cos30°) - 350(2.5 cos30°) 


+ ÎEÇ = 0; 


+ 5 f cb(2.5 81030”) + -Ív»(2.5cos30”) = 0 

Ec, = 781.6 = 782 N A ns 
, 4 

Ar - -(781.6) = 0 fl 

5 

T 

A, = 625 N J\ 


A y - 800 - 350 + |(781.6) = 0 
A v = 681 N a„. 


10- «OON\ 
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5. W w^ BSWríft ^^ ? t j com port twQ vertjca| ^ 

1 sm ih h Cable C 8 Can sustain a maximum load of 
__ J). be A f , ore 11 fa,is - ^etcrmine the critical loads if 
i ~F 2 . Also, what is the ma ?n itude nf the maximum 
reaction at pm /1? 



+ ZM. = 0; 


->IF, = 0; 


>ÎIí = 0; 


-2F 2 (1.5 cos30°) - F 2 (2.5 cos30°) 

4 3 

+ — (1500)(2.5 sin30°) + -(1500)(2.5cos30°) 

Fj = 724 lb Ans 

F, = 2F t = 1448 lb 
F, = 1.45 kip Ans 


A, - -(1500) =0 


A. = 1200 lb 


A y - 724 - 1448 + -(1500) = 0 



A y = 1272 lb 

F. = v'(1200)r + (1272) 2 = 1749 lb = 1.75 kio 


5-50. Three uniform books, each having a weight VV and 
length a, are stacked as shown. Determine the maximum 
distance d that the top book can extend out from the 
bottom one so the stack does not topple over. 


Equilibrium : For lop two books, thc upper book will topple when the 
center of gravity of this book is to the right of point A. Theieforc, the 
maximura distance from the right edge of this book to point A is o/2. 

Equation of Equilibrium : For the entire three boolcs, the top two books 
will topplc about point B. 


+ ÏM,=0; j = 0 


V/ 

^ 1 «Jt 


W 


’ 1 

—‘2fJ 



a.-rí <*■ 
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5-51. The toggle switch cbnsists of a cocking lever that 

is pinned to a fixed frame at A and held in place by the / = v '(0.3) 2 + (0.4) 2 - 2(0.3)(0.4)cos 150* = 0.67664 m 
spring which has an unstretched length of 200 mm. 

Determine the magnitude of the resultant force at A and îífLf m sinl50 ° ; g _ 12 gog° 

the normal force on the peg at B when the lever is in the 0 3 0.67664 

position shown. F, = ks = 5(0.67664 - 0.2) = 2.3832 N 

/ t + IM A = 0; - (2.3832sin 12.808°) (0.4) + yv 8 (0.1) = 0 

N, = 2.11327 N = 2.11 N Ans 

=0; A, - 2.3832cos 12.808° = 0 

A, = 2.3239 N 

+' ZF y =0; A, + 2.11327 - 2.3832sin 12.808° = 0 
Ay = - 1.5850 N 

F Á = V(2.3239) 2 + (—1.5850) 2 = 2.81 N Ans 



♦5-52. The rigid beam of negligible weight is supported 
horizontally by two springs and a pin. If the springs are 
uncompressed when the load is removed, determine the 
force in each spring when the load P is applied. Also, 
compute the vertical deflection of end C. Assume the 
spring stiffness k is large enough so that only small +£W _ 0 . 
deflections occur. Hint: The beam rotates about A so the 
deflections in the springs can be related. 



F ,W + F c (2L) - P(~L) = o 


Dcflcctíoq 


F, + 2F C = 

1 5P 

3|<í 

II 


A c — 2A a 


í _ 2F > 


* " * 


F c = 2F a 


5F B = 1.5 P 


Fg = 0.3 P 

Ans 

F c = 0.6 P 

Ans 

0.6 P 

X C -~ 

Ans 



** , 2 
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5-53. The umform rod AB has a weight of 15 !b and the 
spr'ng 1S unstretched when 0 = 0°. If 6 = 30°, determine 
the stiffness k of the spring. 



G. om.tr, : From manglc ££>£, tf* „ aiae Uw g , V(a 

1 ~ ’' ,2 ' 5362+ I.732 2 — 2(2.536)(1.732)co s 120° = 3.718 f t 
llsmg *c sinc law, 

sin a _ sin 120° 

2.536 3^718 a = 36.21° 

uirccuy oy sumnung raomencs about poinM. 

(+IM a =0; Ì5cos30»(1.5)-^cos36.21"(3) = 0 


F, r - 8.050 Ib 


Spring Forct Formula: The 


spring streichesx = 3.718-3 = 0.718 ft 


; íi _ 8 050 

* “ 0.718 5 


= 11.2 lb/ft 



o (=36-2i‘ 


-2Sib /t 




itanio' 

-/■7iz/ c 


5-54. The smooth pipe rests against the wall at the points 
of contact A, B. and C. Determine the reactions at these 
points needed to support the vertical force of 45 lb. 
Neglect the pipe's thickness in the calculation. 



I. +1M a = 0; 45cos30“(36) - 45ato30"(8) - /Ç-(20) +1^,(8 tan30") = 0 


-ÎE/v = 0; 


-+IF, = 0; 


+ ZF,. =0; 


/^cos30° - Rg cos30" - 45 = 0 


Rc = 63.91 = 63.9 lb Ans 

0, = 11.95 = 11.9 lb Ans 

«‘a + 11.95 sto30® - 63.91 sìn30° = 0 
Ft — 26.0 lb Ans 


45sto30° - R, cos30° = 0 
/Ç, = 26.0 lb 



+ ZF y . = 0; 


-45cos30° + Rç - R, - 25.98 sto30° = 0 


(. +ZM C = 0; 45 cos30°(16) - /(»(20-8 tan30°) - 25.98(8cos30° + 20sto30°) =0 


Re = 11.9 lb 


Rc = 63.9 lb 
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»5-55. The horizontal beam is supported by springs at 
its ends. Each spring has a stiffness of k = 5 kN/m and is 
originally unstretched so that the beam is in the 
horizontal position. Determine the angle of tilt of the 
beam if a load of 800 N is applied at point C as shovvn. 


Eq uaíiomt of BqulUbrium : The spnng fora at A and B can be obtained 
diratly by summing momeno about points B and A, tespecuvely. 

C+ I M, = 0; 800(2) - M3) = 0 F A = 533.33 N 

^ = 0; F, (3)-800(1) = 0 F, = 266.67 N 



Spring Formula : Apptying A = - , we have 


533 33 

* 0.1067 m 

* 5(10») 

a = 0.05333 m 

‘ 5(10») 


Goometry : The angle of tilt a is 


, r0.05333 3 

a = tan-'[—— J= 1-0 


*5-56. The horizontal beam is supported by springs at 
its ends. If the stiffness of the spring at A is k A = 5kN/m, 
determine the required stiffness of the spring at B so that 
if the beam is loaded with the 800 N it remains in the 
horizontal position.The springs are originally constructed 
so that the beam is in the horizontal position when it is 
unloaded. 



IVzTÎTj 

r 3 /Ç 


Equationj of Equilibrium : The spring foras at A and B can be 
obtained directly by summing moments about points B and A respectively. 

Ç+ ZM, = 0; 800(2) - F t (3) = 0 F Á — 533,33 N 

(+13^=0; F,O)-h00(l)=0 F,= 266.67 N 


Spring Formula : Applying A = - , we have 
k 


533.33 266.67 

^=w) =ai067ra 4 *=-ir 


Geometry : Requires, A, = A^.Then 


*, = 2500 N/m = 2.50 kN/ro 
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5-59. A man stands out at the end of the diving board, 
which is supported by two springs A and B, each having 
a stiffness of k = 15 kN/m. In the position shown the 
board is horizontal. If the man has a mass of 40 kg, 
determine the angle of tilt which the board makes with 
the horizontal after he jumps off. Neglect the weight of 
the board and assume it is rigid. 



Equaxions of Equilibrium : The spring force ai A and B can be obtained 
directiy by suranung moments^about points B and A, respectively. 

(+ IM, = 0; F, (1)-392.4(3) =0 F t = 1177.2 N 

(+ 1M. = 0; F t (1) -392.4(4) = 0 F, = 1569.6 N 


Spring Formula : Applying A = - , we have 




Inn I ) , 


A a = ■ ll77 :l = 0.07*48 m A, = lî6 ~ = 0.10464 ra 
x 15(103) 15(103) 


Gtomttry : The angle of ólt ct ú 


a = tan' 1 ^ 


0.10464 + 0.07848 

ï 


j= 10.4° 


v 1 F 

ï te 


*5-60. The uniform beam has a weight W and length 1 
and is supported by a pin at A and a cable BC. Determine 
the horizontal and vertical components of reaction at A 
and the tension in the cable necessary to hold the beam 
in the position shown. 


Equations of Equilibrium : The tetuion the cable can be obnincd 
directly by suraraing moments about point A . 

Ç+IM t =0\ 7sin (f-8)l-Wcos 0^íj = o 


2sin (t-6) 


Using the result T- 


2sin (b~9) 


. ( ^cose 5 

ZF ‘=°' 12^7ï^ê)r S *- A ‘ =0 


Vf'cos Ocos $ 
2sin(#-&) 


Tvr o . ( H ' cos0 / 

■ ÎZF ' =0; 




>V(sin pcos 6-2cos ŷsin 9) 
2sin (b-9) 
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5-61. The uniform rod has a length / and vveight W. (t 
is supported at one end A by a smooth wall and the other 
end by a cord of length í which is attached to the wall as 
shown. Show that for equilibrium it is required that h = 



° f ■ -n> e tension m thc cabie can bc 

obtuncd diroctly by summuij momems sbout poim A 


(+ ^ =0; 


■ 7'srn *(/)-Wsin sí 


Using the result T= — si>1 6 
2sin <p * 

+ t TF -n. Wsin 6 

stnecos(9-*)-2sin*=0 

Geometrj ; Applyutg the stne bw w,th sm (180“ - 6) = sin 6, , 


sìn0 sin 6 


sin 0 = -sin 6 
s 


Substjtuttng Eq.[2( into [1) yields 


cos (0-*) = — 


Using the cosine law. 


sêJ r 



^ - b 2 +s 2 - 2hscos (0-*) 


cos (0-p) = 


A 2 + í J -/' 


Equahng Eqs.[3) and [4] yields 


2A h 2 +s 3 -P 


(Qe.d) 


236 



5 ui 6 !ïy-u®Kn 4 fehi#r£ 8 . 1 alcigapDt)(fc 2 tì kg and is supported on 
the smooth cylindricai surface by a spring having a 
stiffness of k = 400 N/m and unstretched length of 
/ 0 = 1 m. The spring remains in the horizontal position 
since its end A is attached to the small roller guide which 
has neeligible weight. Determine the angle 0 to the nearest 
degree for equilibrium of the roller. 



+ T ZF y = 0: Rsiae - 20(9.81) = 0 

— = 0; RcosO — F = 0 

20(9.81) 

tan S = - 

F 

Since cos9 = —^ 



Solving, 


2.2 cos0 = 1.0 + 


20(9.81) 


400 tanfl 

880 sintì = 400 tan0 + 20(9.81) 

0 = 27.1° and 8 = 50.2° Ans 


5-63. The uniform load has a mass of 600 kg and is 
lifted using a uniform 30-kg strongback beam and four 
wire ropes as shown. Determine the tension in each 
segment of rope and the force that must be applied to 
the sling at A. 


1.25 m 

1.25 m , 

_C 

C1 




Equationi of Equilibrium : EXie id symmetry. all wires are subjected to 
the same lension. This condihon staasfies moment equilibnum about the x 
and y axes and force equilibrium along y axis. 


ZF,=0\ 47^^-5886 = 0 


T= 1839.375 N = 1.84 kN Ans 

The force F applied to the sling A raust support the weighi of the load and 
strongbadc beam. Hence 

ZF,= 0; 600(9.81) — 30(9.81) =0 

F= 6180.3 N = 6.18 kN Atu 


I r<cOc(Ç.ç,) 

V T 568 ^ 


/♦ x 
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Tr J^ W,ng °- f ' h ^r' airc ™ft is subjected to a thrust 
of /ww W 8U® í c Mftfl , fiP% .^q a |p 9íia o ffle resu|tam |jft 

kN If the mass of the wing is 2.1 Mg and the mass 

where ih? *’ * * COm P onents °f reaction 

where the wing is fixed to the fuselage at A. if =0; 


- A , + 8000 = 0 


= 8.00 lcN Ans 


-20 601 + 45 000 = 0 


-V 

. 30 , 101 " 



A, = 24.4 kN 


ZM, = 0 ; 


M, - 2.5(8000) = 0 


A ^ '—_ ' m .. 

__ fní 



ZM, =0; 


M y = 20.0 kN ■ m Ans 
45 000(15) - 20 601(5) - M x = 0 
M x = 572 kN m Ans 


M x - 8000(8) = 0 


M t =64.0 kN - m Ans 


5-65. I he uniform concrete slab has a weight of 5500 Ib 
Determine the lens.on in each of the three parallel 

pE’»”!»™"’ *" ,h ' * hdd ' n lh “ h ™«' 


x" 6 ft 



Equaíions of Equilibrium : Thc cablc lcnsron T„ can be obuincd 
dircctly by sumnúng moments about they axis. 

£*/,=0; 5.50(3) -T, (6) = 0 T, = 2.75 kip Ans 


=0; T c (6) + 2.75(9)-5.50(6) =0 
T c = 1.375 kip 

^ = 0; T a +2.75+1.375-5.50 = 0 
T Á = 1.375 lcip 


£ SfS'tr 
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5-67. The platform truck supports the three loadings 
shown. Determine the normal reactions on each of its 
three wheels. 




IM, = 0; 380(15) + 500(27) + 800(5) - F A (35) = 0 


F a = 662.8571 = 663 lb Am 


IMj = 0; 380(12) - F„{ 12) - 500(12) + F c (12) 

F c ~F b = 120 


Lf; = 0; F. + F c - 500 + 663 - 380 - 800 = 0 


F B + F c = 1017.1429 


,, / j 

1 - 2 ' ^ 
• 0" f- 


1 f ^ * 


F c = 569 Ib Ans 


F, = 449 lb Ans 
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v^.uslitìeam^i^^TOltìq'írequilibrium by a ball-and- 
socket joint A and a pulley and cord system as shown. 
Determine the x, y, z components of reaction at A and the 
tension in cable DEC if F = {— 1500k} lb. 



A t = 750 lb 
Frotn FBD of pulley. 


1 

- -p( 1677.05) = 0 

v'â 


^ =0; 2(~)T 



T = 918.56 = 919 Ib Ans 


5-71. The cable CED can sustain a maximum tension of 800 lb 
before it fails. Determine the greatest vertical force F that can 
be applied to the btxtm. Also, what are the x, y, z components 
of reaction at the ball-and-socket joint A1 
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«nsion ™"'“ «* “« >«»er S and ,hn 

q»r,„ ci r J r °ï,t '°' “ “>« 


350 N XP 

I 2 f 


200 N I 3 m 




ÏM, - 0 

: (3)-200(3)-200(35« 60»)-o 

= 373.21 N = 373 N 

Aru 

ÏM, =0; 

350(2) + 200(3cos 60°) -A, (3) = o 
\ = 333.33 N = 333 N 

Ans 

X 

II 

© 

Tco + 373.21 + 333.33 - 350 - 200 - 200 = 0 

^cd ~ ^3.5 N 

Ans 

1^=0; 

o 

ll 

V 

Ans | 

X 

II 

o 

A,= 0 

Ans 


", W1 ™'ass is subjected to a load of 150 lb 

Determine the horizontal force P needed to hold the 
handle m the position shown, and the components of 

LurnaTh 31 ‘ T| l ; and - SOtket J°'"‘ A and the smooth 
journal bearmg tì. Fhe bearing at B is in proper alignment 

and exerts only force reactions on the windlass. 


J5otì 




JS 

ll 

o 

(150) (0.5) - P<1) = 

0 


P = 75 lb 

Ans 

o 

il 

ST 

o 

II 

V 

Ans 

IM X =0; 

-(150) (2) + B t ( 4) = 

0 


B t = 75 lb 

Ans 

o 

II 

A t + 75 - 150 = 0 



A z = 75 lb 

Ans 

IM t =0; 

S«(4) - 75(6)= 0 



B, = 112.5 = 112 lb 

Ans 

ZF X =0; 

A x - 112.5 + 75 = 0 



A x = 37.5 lb 

Ans 


A.—J 
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5-74. The pole for a povver line is subjected to the two 
cable forces of 60 lb, each force lying in a plane parallel 
to the x-y plane. lf the tension in the guy wire AB is 
80 Ib, determine the x, y. z components of reaction at tlie 
fixed base of the pole, O. 


Equations of Equilibrium: 

TF, = 0; 0, +60sin45“ -60sin45° = 0 

O x = 0 Ans 

TF,= 0; O, -f 60cos45 n + 60cos45 n = 0 

O, — -84.9 Ib Ans 

EF; = 0; 0- — 80 = 0 0. = 80.0 lb Ans 

ÏM, = 0; <M„), +80(.t) - 2|60cos45°(l4)! = 0 

<M„), =948 Ib ft Ans 

ZM, = 0; (Mo>y + 60sin45’( 14) - 60sin45‘ (14) = 0 

(M„) v =0 Ans 

E = 0; (Mo) V + 60 sin 45°( I) - 60 sin 45°(1) = 0 

(M„), = 0 Ans 

5-7S. Member AB is supported by a cable BC and at 

A by a square rod which fits loosely through the square 
hole at the end joint of the member as shown. Determine 
the components of reaction at A and the tension in the 
cable needed to hold the 800-lb cylinder in equilibrium. 


/ 3 . 6 . 2 ,\ 

Foc = Foc J 

EF, =0; f st Q]=0 

F ec = 0 Ans 

E F y = 0; A v = 0 Ans 

■LF. =0; A : =800 1b Ans 

EM v =0; {M,\) x — 800(6) =0 

I.Af ,). = 4.80 kip íi Ans 

E M y = 0; (A#„), = 0 Ans 

EM,=0; (M.,), = 0 Ans 



S00 lb 
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5-77. Both pulleys are fixed to the shaft and as the sl 
turns with constant angular velocity, the power 
pulley /1 is transmitted to pulley B. Determine 
horizontal tension T in the belt on pulley B and the j 
z com P°nents of reaction at the journal bearing C ; 
thrust bearing D if 6 = 0”. The bearings are in pro 
alignment and exert only force reactions on the shaft. 

Equations of Equilibrium : 


ÏM' =C 

65(0.08) -80(0.08) + 7"(0.15) - 
T= 58.0 N 

50(0.15) =0 

Ans 

ZM, =0 

■ (65 <-80)(0.4î)-q (0.75) = o 

Ç = 87.0 N 

Ans 

JB 

n 

o 

(50+ 58.0) (0.2) - C, (0.75) = 0 
C; = 28.8 N 

Ans 

I/j = 0; 

D' =0 

Ans 

IF, =0; 

D, +28.8 - 50-J8.0 = 0 

D, = 79.2 N 

Ans 

ZF, =0; 

£{+87.0 - 80 - 65 = 0 
£>, = 58.0 N 

Ans 


z 



80 N 
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5-78. Both pulleys are fixed to the shaft and as the shaft 
turns with constant angular velocity. the power of 
pulley A is transmitted to pulley fi. Determine the 
horizontal tension T in the belt on pulley fi and the x, v, 
z components of reaction at the journal bearing C and' 
thrust bearing D if 8 = 45°. The bearings are in proper 
alignment and exert only force reactions on the shaft. 


Equations of Eq uilibrium : 

1M X =0; 65(0.08) -80(0.08) + 7(0.15)-50(0.15) = 0 

7=58.0N Ans 



£M, =0; (65 + 80) (0.45) - 50sin 45° (0.2) — Q (0.75) = 0 

Q = 77.57 N = 77.6 N Ans 

IM^ =0; 58.0(0.2) + 50cos 45° (0.2) -C, (0.75) =0 

C =24.89 N = 24.9 N Ans 


0-3 rn-- — °'l5ir)-k 


I F, =0; D y + 24.89 - SOcos 45° - 58.0 = 0 

A = 68.5 N 


> âfrJi 
ÔOrl 


V í 


E/-=0; A + 77.57+ 50sin 45° - 80-65 = 0 
A =32.1 N 
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smooth journaíbeTHngs. CompuTe^ the x'y, ^components 



F, = (-300cos45°j - 300sin45°k) 

= {-212.lj - 212.1k}lb 

F 2 = ( 250 cos45°siiï30°i + 250 cos45°cos30°j - 250sin45°k) 
= {88.39Ì + 153.lj - 176.8k}lb 
ZF X = 0; 4, + B, + 88.39 = 0 

ZF y =0; A y +C y - 212.1 + 153.1 = 0 

ZF t = 0; B, + C t - 212.1 - 176.8 = 0 

ZM X = 0; -8,(3) - A y (4) + 212.1(5) + 

ZMy = 0; C t ( 5) + 4,(4) = 0 

ZM t = 0; 4,(5) +F,(3) - C y (5) = 0 



633 lb 

Ans 

-141 lb 

Ans 

-721 lb 

Ans 

895 lb 

Ans 

200 lb 

Ans 

-506 lb 

Ans 
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* 5 - 80 . The bent rod is supported at A, B, and C by 
smooth journai bearings. Determine the magnitude of F 2 
which will cause the reaction C v at the bearing C to be 
equal to zero. The bearings are in proper alignment and 
exert only force reaction*: ™ th e rod. Set fj = 300 lb. 


F, = (—300cos45°j - 300sin45°k) 


= {-212.1J - 212.1k}lb 



F 2 = (F 2 cos45 0 sin30 0 l + F 2 cos45°cos30°j - F 7 sm45°k) 
= {0.3536/; i +0.6124F 2 J - 0.707 lF 2 k}lb 


ZF X = 0; 


A, +B, + 0.3536 % = 0 
Ay +0.6124 F± - 212.1 = 0 

B, + C, - 0.7071/5 - 212.1 = 0 


IM X = 0; -.8,(3) - A,(4) + 212.1(5) + 212.1(5) = 0 


IM, = 0; 


JM, = 0; 



C,(5) + A x ( 4) = 0 


A x ( 5) + 8,(3) = 0 


Ay = -200 lb 


8, = -596 lb 


C, = -286 lb 


/5 = 674 lb 


5 - 81 . The silo has a weight of 3500 Ib and a center of gravity at 
C. Determine the vertical compenent of force that each of the three 
struts at A, B, and C exerts 011 the silo íf it is subjected to a resultant 
wind loading of 250 lb which acts in the direction shown. 


Se* coofdinue- axes system si ttie bnc of tbe sUo with the origin at pointO. 

TM,=0\ B,(5sin60°)-q(58in60 o )-250sin30"(15) = 0 

4.3308,-4.3306; -1875 = 0 [1] 



Top vievv 



TM, -0; 8,(5cos60°) + C;(5cos60°) -A,(5) + 250cos30°( 15) = 0 

2.58, +2.5C;- 54, +3247.6 = 0 [2J 

ZF,=0; A,+B,+C ,-3500 = 0 [3J 

Solving Eqs.[lJ. [2] and [3] yields : 

8, = 1167 ib C, = 734 ib A, = 16001b Ans 



i* r ^ 50 



f C, 
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w1^v^feací?ífe^f¥?@.bltígsi^cauîî(iwrted at A by a ball-and- 
socket joint and by two cables BDC and CE. Cable BDC 
ìs continuous and passes over a pulley at D. Calculate the 
tenston ,n the cables and the x, y, z components of react.on 
at A if a crate has a weight of 80 Ib. 


3ft ' 1 

I k Dl ^-'i 



4ft H 


_ (31 - 12j + 6k) 

- r CE - 

/ 32 + (-12)2 + 6 2 

= { 0.2182F„I - 0.8729F c£ j + 0.4364F CE k} lb 


(-31 - 12J + 4k) 
/(-3)2 + (- 12)2 + 42 




= { -0.2308F jdc I - 0.923 1F 4dc J + 0.3077F JDC k} lb 
(-31 - 4J + 4k) 

r BD - r BDC "r — - . ==. 

/(-3)2 + (—4)2 + 42 

= 7Ì DC (-0.4685I - 0.6247J + 0.6247k) 

ÏM, = 0; F JDC (0.6247)(4) + 0.4364F CJ (12) + 0.3077F JDC {12) - 80(12) = 0 

TM, = 0; 0.4685F jdc (4) + 0.2308F JDC (12) - 0.2182F CE (12) = 0 

Fbdc = 62.02 = 62.0 lb Ans 

F C£ = 109.99 = 110 lb Ans 

v. =0; K + 0.2182(109.99) - 0.2308(62.02) - 0.4685(62.02) = 0 
A, = 19.4 lb Ans 

&Ç = 0; A, - 0.8729(109.99) - 0.9231(62.02) - 0.6247(62.02) = 0 
A, = 192 lb Ans 

= 0; A, + 0.4364(109.99) + 0.3077(62.02) + 0.6247(62.02) - 80 = 0 
A, = —25.8 lb Ans 
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vMf.us«^ OT ^^ a? ^. fi ^ ba|1 _ and . socket joint at 
A and a cable at B. Determine the x, y , z components of 
reaction at these supports if the rod is subjected to a 
50-lb vertical force as shown. 



ZF' . O, 

- r, + A. - 0 

ZF, - 0; 

a, + a, « o 

ZF t . O, 

- 50 + 4, .0 

ZM^ « 0: 

30(2) - í, (4) . 0 

IMi, » O 

50(2)-Ji(4)-0 

ZM m . 0, 

«,(2) - r,(2) - 0 


Sotving, 



“==S=== 

STeârlf j0Urna ' b6arÌng ^ anc * thrusTbearing B 
reactions on thTshTT^ a '' 8ned 3nd 6Xert ^ force 


Equauons of Equilibrium . 


IM, =0 

: 5,(28)-50(14) =0 5, = 25.0 Ib 

Ans 

II 

o 

: 5(8) -50(10) = 0 p = 62.5 lb 

Ans 

je 

ii 

© 

5, (28) -62.5(10) = 0 



B. = 22J>2 ib = 22.3 Ib 

Ans 

n 

o 

<2.5 + 22.32 - A, = 0 A, = 84.8 Ib 

Ans 

n 

o 

5=0 



y 

Ans 

I/ì = 0 ; 

\ +25.0 - 50 = 0 Aj = 25.0 ib 

Ans 



* 50 lb 


/4 6 j 


5-87. rhe plattorm has a mass of 2 Mg and center of mass 
located at G. If it is lifted using the three cables, determine 
the force in each of these cables. Solve for each force by 
using a single moment equation of equilibrium. 




4 /ûc - 0; F ac - F bc 


FMy = 0 ; 


3(9.81)(2) - - 5 F AC ( 6 ) - ^/J c ( 6 ) = 0 


F ac = F ac = 6.131 = 6.13 kN An 

7 

í(6.131)(6) - 3(9.81)(3) + F de ( 3) = 0 


Any 



F de = 19.62 = 19.6 kN 


4 4 

-(6.131) + -(6.131) + 19.62 - 3(9.81) = 0 Check ! 
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*5-8Hvw.tJ^ao|TlgabiÉtnaítís)9epiîà«om 2 Mg and center of 
mass located at G. If it is lifted using the three cables, 
determine the force in each of the cables. Solve for each 
force by using a single moment equation of equilibrium. 



™y “ 0; F de (6) - 2(9.81)(4) = 0 


F de = 13.1 lcN 


F * c . I F,« 



0; ».-(tuX r JC ) + u„ (r A< -x W) = 0 


-0.8944 0.4472 0 -0.8944 0.4472 

0 6 0 + -4 3 

0 -0.6 F, c 0.8 F, c 0 0 


0 1=0 
19.621 


-0.8944(6)(0.87i c ) - 0.8944(3)(-19.62) - 0.4472(-4)(_19.62) = 0 


F, c = 4.09 kN 


’ 0; u « '( r «>< F+c) + ■*„«, (r, 0 x W) = 0 


1-0.8944 -0.4472 0 | -0.8944 -0.4472 0 

° ~ 6 0 I + —4 -3 0-0 

I 0 0.6F ic 0.8FJ o 0 -19.62 


0.8944(-6)(0.8^ c ) - 0.8944(-3)(-19.62) + (0.4472)(-4)(-l9.62) = 0 


F ic = 4.09 kN 
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5-90. The pole is subjected to the two forces shown. 
Determine the components of reaction at A assuming it 
to be a ball-and-socket joint. Also, compute the tension 
in each of the guy wires, BC and ED. 



F 2 = 450 N 


C 6 m 


Force Vector and Position Vectors : 

= A.i+A^j + A^fc 

F, = 860 (cos 45°i - sin 45»k } N = {608.11 i - 608.11 k } N 

Fj = 450 {-cos 20°cos 30°i + cos 20°sin 30°k-sin 20°k} N 
= {-366.21i + 21I.43j-153.91k} N 


(~«-0)i + (-3-0)j + (0-6)k 

yt(-6-0) J + (-3-0) 2 + (0-6) 2 
_ 2- • 1 . 2 
--J'feo» - jfîoj - —/fecll 


F-^g f («-0)i + (-4.5 — 0)j + (0-4)k ' 

[V( 6 -0) 2 + (-4.5-0) z + (0-4) J 
_ 12 _ 9 8 

= 17 /r * cÌ_ Î7^ cj "Î7 / ic k 

={4k}m rj = {8k}m r, = {6k} m 


Momem cquiiibrium requires 

2V, a=°. r , xF <<r + r 2 X(F, + F 2 ) + r, xF^, = 0 

4 kX (î7 F * cÌ_ Ì7 /icj "^ f ' ck ) 

+ 8k x (241 ,90i + 2 11,43j - 762.02k) 

+ 6k x (" jf*D*-3'i o j-?F £o kì = 0 

Equating i.j and k components. we have 


*K =0: •pŷ'ìc + 2'îp - 1691.45 = 0 
48 

=0; —Fjc-4Fa, +1935.22 = 0 


Solvmg Eqs. [4] and (5J yields 

F tc = 205.09 N = 205 N F m = 628.57 N = 629 N Ans 


Equations of Equilibrium : Force equilibrium require, Subsntunng the results mto Eqs.[lJ, (2J and [3] yidds 

2^ = 0; Fj+F, +F 2 +F £o + F jc =0 A,=32.4N A, = 107 N A, = 1277.58 N = 1.28 

(^+608.11-366.21-!^ + ^ T 

+(a,+211.43-1^-1^) \L&. 

+ (^i ~ 608.11 - 153.91 - p/fep -1/J c ìk = 0 


kN Ans 


Equaung l.j and k components, we have 


8 3 

~Î7 Jie J km( 


N. + 3 U 

s xm 


V,=0; A, +608.11-366.21-!^ + !!^ =° 
^=0; A, +211.43-1^-1^ = 0 
^«0; A,- 608.11-153.91-^-^c.o 
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5-92. Determine the horizontal and vertical components 
of reaction at the pin A and the reactìon at the roller B 
required to support the truss. Set F = 600 N. 



° f EqUÌ,ÌbrÌUm ^ N, can be obuúned 

directJy by summuig moments aboutpomt/t. 

C + =°: 60° (6) + 600(4) + 600(2) ~N,cos 45° (2) = 0 

N, =5091.17 N = 5.09 kN 



A , - 5091.17cos 45° = 0 


A , = 3600 N = 3.60 kN 

+ Î2F, =0; 

509I.17sin 45»-3(600) -A, 


A y = 1800 N= 1.80 kN 


.j, J Zn y 2/t) 

éooN bOoN ÍOON 


5-93. If the roller at B can sustain a maximum load of 3 
kN, determine the íargest magnitude of each of the three 
forces F that can be supported by the truss. 



Equatioiu of Equilibrium : The unknowns A, »nd A y can be eliminued 
by summtng moments about poutt A. 

Ç+1M,=0-, F(6) + F( 4) + F(2) - 3cos 45'(2) = 0 

F= 0.3536 kN = 354N Ans 
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wByw^| us aci n ci en ie r i a .bl o g s p o t. c om 

horizonta) " eaCtÌOn3t therolle ^ and 

equiiibriu^ofthemeX P ° nents 3t P ' n 5 ** 


2::T b — S * c “ be <**"«< 

(+ 1M Á = 0; 10(0.6+ 1.2cos 60°) + 6(0.4) 

~ N * í 12 + 12coj 60°) = 0 
^=8.001cN 


-—0.6 m—--—0.6 m—-J 




0.4 m 


-^=0; B x -6cos 30° = 0 *, =J20kN Am 

-0; s r +8.00-6sin 30°- 10 = 0 


B, = 5.00 lcN 



*5-95. The symmetrical shelf is subjected to a uniform 
oad of 4 kPa. Support is provided by a bolt (or pin) 
located at each end A and A' and by the symmetrical 
brace arms, which bear against the smooth wall on both 
sides at B and B'. Determine the force resisted by each 
b°lt at the wall and the normal force at B for equilibrium. 




4 kPa 


Equations of Equilìbrium : Each shelf s post at its end supports half 
of the apptied load, ie, 4000(0.2) (0.75) = 600 N.The norroal reaction N, 
can be obtained directly by suraming moments about point A. 

Ç+ZM,=Q; N, (0.15)-600(0.1) = 0 N, =400N Ans 



■BXC;Oij(ú-jŷj- bOC N 

I. O/oi I OJ„ | 


->£!)= 0; 400 - A, = 0 A.-400N 

+ î XÇ = 0; Aj - 600 = 0 A y = 600 N 

The foree resisted by the bolt at A is 

F a = yjA]+A^ = ^40(y+ 6(XP = 721 N 


0-l5m\ Av 
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5 - 96 , 


the 


BD 


Determine the x and z components of reaction at 
urna earmg A and the tension in cords BC and 
necessary for equilibrium of the rod. 




= {0.6t> c j + 0.8t> o k) N 


ïf. 

= 0; 

A x = 0 

Ans 


= 0; 

350-0.6/> c 

+ 0 .6F bd * 0 


= 0; 

A, - 800 +0 

'•* F tc + 0.8/>„ = 0 

IM X 

= 0; 

K. + 0.8/ì 

,c(6) + 0.8/> c (6) - 800(6) = 0 

IM, 

= 0; 

800(2) - 0.8/> c (2) - 0.8 /> d (2) = 0 

IM' 

= 0; 

K, ~ 0.6/> c 

(2) + 0.6^*(2) = 0 


FgD 

= 208 N 

Ans 


F.c 

= 792 N 

Ans 


\ -- 

= 0 

Ans 


K, 

= 0 

Ans 


K, 

= 700 N -ra 

Ans 





íA^Tusaíi^êritBnffibthgsrgâtfïîCTis at t he supports A and B 
for equilibrium of the beam. 


Equations of Equilibrium: The normal reaction N H can be obtained 
airectly by summing moments about point A. 

+ EA/ / ,=0; tVg(7) — 1400(3.5) — 300(6) = 0 

(Vfi = 957.14 N = 957 N Ans 

Ag - 1400 - 300 + 957 = 0 Ag = 743 N 

Aj, = 0 Ans 


200 N/m 


“f'îMsefe' 


400 N/m 



200(7) = 1400 N d-(200)(3) = 300 N 


3-5m I 2.5 m ífl 
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^^^. US ^5ÍílSrrTÌm^'Me®®.P°*'í' < c , omponents of reaction at 
the fixed wall /l.The 150-N force is parallel to the z axis 
and the 200-N force is parallel to the y axis. 


\*quaiiortì of Equilibrium : 


ZF, =0; 

0 

11 

V 

Ana 


M 

nT »1 

II 

© 

Ay + 200 = 0 Ay =-200N 

Ans 


JS 

II 

O 

Aj -150 = 0 4 = 150N 

Ans 


SM, =0; 

(M a ) x + 200(2)- 150(2) =0 

(M a ) x =-100N m 

Ana 

-e* 

JB 

11 

p 

(M t ), =0 

Ans 


0 

11 

ï 

(M t ) t + 200(2.5) » 0 


/ 


(«a), “ -500N■ m 

Ans 

X 





\ Áffm 


'ÌZZT Sí *“ Mkm *“ *• direc <ion Of die «cdon 
« m Ihe oppojue jenje of tìioie >hown on FBD. 


5-100. ITie horizontal beam is supported by springs at 
itsends. If the stiffnessof the spring at A is k A = 5 kN/m 
determine the required stiffness of the spring at B so that 
if the beam is loaded with the 800-N force, it remains in 
the horizontal position both before and after loading 


Cquiiibriuni: 

f.(3)-800(l)-0" Fg » 266.67 N 
(+IA*»0; 800(2) - F,(3) -0 , 533 33 N 

Spnng force formula : x - — 

^ t tûOu) 

X A ~ x § 

333.33 _ 266.67 
3000 ~ 

b » 2300 N/m = 2 30 kN/m A« 
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6-1. Determine the force in each member of the truss 
and stite if the members are in tension or 
compresston. Set />, = 800 Ib and P 2 = 400 Ib. 


Mtthod o} Joints : In thu ase, the 
detemunitig the meraber forces. 


suppon reictioni 


are not required for 


Joint B 


F tc cos 45°-/ 




400 = 0 

+ î^=0; f, c s u ,45» + F Ji( |'jj_ 800 = 0 

Solvmg Eqs.fl] and [2] yidds 

f tA =285.71 Ib (T) = 286 Ib (T) 

P>c = 808.12 Ib (T) = 808 Ib (T) 

Joint C 

* 

-* tF ' = ° : F CA- 808.12cos 45“ = o 
f ca = 571 lb (C) 

+ î£/ŷ=0; <;-808.12>,flt5“ = 0 

<;=571 lb 

Nore:Thesuppor,reacn 0 n , . 1 and ca„ be determined by analyzùig 
Joint^ usuig the results obained above. 8 


tlj 

[ 2 ] 


Ans 

Ans 


Ans 
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6 -.. Dutfrmine the force on each member ol' ihe 
truss and state it the members are in tension or 
compression. Set P . = 500 Ib amj P 2 = 100 Ib. 


Method of Jointt : In this case, the Jupportreacncms are not required for 
deterrairung the raernber forces. 

Joint 3 


Joint C 


4 1F â = 0; 

F íc cos 45° - F ÍÁ ^ j- 100 = 0 

(1) 

+ t ZF, = C 

r.c sm •J5 0 + f ìa Q j- 500 = o 

[2] 

i.[l] and [2] yiclds 


Fêa 

= 285.71 lb (T) = 286 Ib (T) 

Ans 

r.c 

= 383.86 lb (T) = 384 lb (T) 

Ans 

^ ZF, = 0; 

Pca ~ 383.86cos 45° = 0 



F ca = 271 lb (C) 

Ana 

+ ÎZF, =0; 

C, -383.86íli|45° = 0 



C, = 271.43 Ib 



Note : The support reacúorts A x and A, ean be detenmned by snalyzmg 
Joint/4 usutg the rcsuits obtained abovt 



s n 
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uci iici ia.uiuyapui.oui 11 

t tK I ,‘ rUSS ’ used t0 su PP° rt a balcony, is subjected 
to the loading shown. Approximate each joint as a pin 
and determine the force m each member. State vvhether 

fl-“ nsi ° n " Se. 




Joint A : 

+ = 0; ^ D sin45° - 800= 0 



F ad = 1131.4 lb = 1.13 kip (C) 

Ans 

toolil 

r _ F*g 

^ZF X = 

0; F ab - 1131.4cos45° = 0 


0" 

r^<4st> 

F 


Joint B : 

+ T lF y =0; 

, = 0 ; 

Joint D: 

+ T ZFj =0; 

= 0 ; 


= 800 Ib (10 

F bd —0=0 

^BD = 0 

~ 800 = 0 
F bc = 800 lb (T) 


Ans 


Ans 




H 3 


Ans 


Bp 


F dc sin45° - 0 - 1131.4sin45° = 0 
F dc = 1131.4 lb = 1.13 ldp (T) Ans 

1131.4cos45° + 1131.4cos45° - F DE = 0 
F de = 1600 Ib = 1.60 kip (C) Ans 


l/gl.4 U> 

X 

45 ‘ 
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6-6 Assume that each member of the truss is made of 
steel having a mass per length of 4 kg/m. Set P = 0, 
determine the force m each member, and indicate if the 
members are m tension or compression. Neglect the 
weig o t e gusset plates and assume each joint is a pin. 
o ve the problem by assuming the weight of each 
member can be represented as a vertical force, half of 
wh,ch is apphed at the end of each member 


Joint Forces .* 


í;=4(9.81)^ + v|Ô) = 16622N 
F > =4 ( 9 s D(2 + 2 + l) = 196.2 N 


= 4(9.81)^ 
Pd =4(9.81)1 




[J = 302.47 N 
166.22 N 


M'thod ofjoints : In this casc, the 
determinmg the member forces. 


suppon reacaons arc not required for 


Joinr A 


+ t Ifŷ = 0; F J_L )_ 


166.22 = 0 
= 371.69 N(C) = 372 N (C) Ans 

^.-371.69^-Lj = o 

F.t = 332.45 N (T) = 332 N (T) Ans 


Joinl B 


-^=0: F gc - 332 45 = 0 f 3c = 332 N (X) Ans 

+ T ^= 0 ; - 196.2 = 0 

Ptc = 196.2 N (C) = 196 N (C) Ans 

Joint E 

A ^' =0: ^cos36.37»-(196.2 + 302.47) cos 26.37« = 0 

f ec - 537.53 N (T) = 558 N {T) Anj 

= ° : 371.69 + (196.2 + 302.47)sin 26.57° 

+ 557.53sin 36.87°-fr 0 

Joint Z) ^ = 929.22 N (C ) = 929 N(C, Ans 


+ ÎXF=0; F DC -929.22 — 


| VsJ 

F dc = 582 N (T) 


-166.22 = 0 


Ans 


►2JÎ=0; û. - 929.22 




= 0 Q = 831.12 N 


Note : The support reactions C x and C y caa be determined by analyzmg 
Joint C using the results obtained above. 


2P 




■ì 



•vf- 
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the ,upponrc » c0o '»^"0< "cquired for 


Joint C 


+ Î£Ç =0; F CJ sin30°-1.5 = 0 

F c , = 3.00 kN(T) Aiu 

—* £F X = 0 ; F co -3.00cos30° = 0 

/to = 2.598 kN (C) = 2.60 kN (C) An» 

Joint D 


->ZF, =0; 

F dc - 2.598 = 0 Fp c = 2.60 kN (C) 

Ans 

+ Î2^ =0; 

F °‘~ 2 = 0 F at = 2.00 lcN (1) 

Ans 

Joint B 



5^=0; 

F, f cos 30" - 2.00cos 30° = 0 



F, e = 2.00 lcN (C) 

Ans 


'^J r X ‘=0\ (2.00+ 2.00) sín 30"+ 3.00-/^ =0 

= 5.00 lcN (T) 


Note : The support reactions at supportA and £ can bedetetraincd by 

analyzing Jotnts A and £ respecttvely using the rasu.ts obuûned above 


c 
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6-9. Determine the force in each member of the truss 
and state it the members are in tension or compression 
Set /’, = /'. = 4 kN. 



Mtthod of Jointt : In this cass, the suppon reachons are not required for 
ocicrraimng ihe meinber forces. 


+ Î2^V=0; £ CJ sin30”-4 = 0 

F c , =8.00kN(T) Ans 

~ 0: F co - 8.00cos 30” = 0 

F cd = 6.928 kN (C) = 6.93 kN (C) Ans 



~ +ï/ V=0; F De - 6.928 = 0 


F oe = 6.93 kN (C) Ans 


+ Î£^=0; F db - 4 = 0 F ot = 4.00 kN (T) 

Joint B 

/ + ZF, =0; F te cos 30°-4.00cos30” = 0 
f ,e = 4.00 kN (C) 

\-ZF, =0; (4.00+ 4.00)sin 30° + 8.00- F tA = 0 

F tÁ = 12.0 kN (1) 

Note : Thc support reacuons at suppon A and £ can be detcrennta. by 
anaiyctng Joutts A and £ respecuvdy usutg the resulu obam L 


obiaûied above 


':p z 9ZB 




*B-oo ïsJ 


rpg ~ 4- 00 toi 
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6 - 10 . . 


”íá 9 CeTr n each member of the tniss 
Set />, = 0, P 2 = 1000 lb m tens,on or c °mpression. 


Reactions at A and D : 

K = 0 

Ay = 333.3 lb 
û, = 666.7 Ib 

Joint/i : 

^ = 0; F„ - 


I - B c Ju 

h-10 ft-- --10 ft-. --,0 fi. _ J 


+ Î5JJ =0; 


Joint B : 


Joint D : 

AlF = 0 ; 


+ ÎZ/J =0; 


Joint E : 

AxF x = 0 ; 


+ ÎZf y = 0 ; 


Joint C: 


+ ÎZÇ = 0 ; 


f ab ~ f ag c °s 45° = 0 
333.3 - /^ c sin45° = 0 
F ag =471 lb (C) Ans 

F ab = 333 lb (T) Ans 

f bg = 0 Ans 

f B c = 333 lb (T) Ans 

-^DC + Jb£ c °s 4 5° = 0 
666.7 - /^ £ sin45°= 0 
F de = 942.9 = 943 Ib (C) 

F dc = 666.7 = 667 lb (T) 

F £G - 942.9sin45° = 0 

-F ec + 942.9cos45° = 0 

F ec = 666.7 = 667 lb (T) 

F eg = 666.7 = 667 lb (C) 

F cc cos45° + 666.7 - 1000= 0 
*■-- =471 lb (T) 


a 

. Fsc, 

® 


/ 

k Vm 


3333U» 




fec = 333U(T) 


lx 

éu.iu 



F ec X 


^ l \í£Î fcfcfc.ìU 


333,3U- 


i® 

Ì 1,000ifc 


271 


member of the truss 

Reactions at A and D : 

A x = 0 

A, = 833.33 lb 
D y = 1166.67 lb 

Joint A : 


10 ft 


-_/( 

ìì\- -f 

»\. 




B 

c 

| 

’ 

p 

, 1 



-+^ = 0; 

f ab ~ f ag c ° s 45° = o 


+ îa; =o; 

833.33 - 7^ c sin45° = 0 



F ag = 1178.51 = 1179 lb (C) 

Ans 

Joint S : 

F áb = 833.33 = 833 Ib (T) 

Ans 

-+»V = 0; 

F bc -833 = 0 


+ =0: 

F Ba - 500= 0 


Joint D: 

Fb C = 8." lb (T) Ans 

F bc = 500 lb (T) Ans 


~>ZF X = 0; 

~Fdc + JT)£COs45° = 0 


+ ÎU; =0; 

1166.67 - 75, £ sin45°= 0 



F de = 1649.96 = 1650 Ib (C) 

Ans 

Joint E: 

F dc = 1166.67 = 1167 lb(T) 

Ans 

^ = 0; 

F eg - 1649.96sin45° = 0 


+ î ZF y =0; 

~F ec + 1649.96cos45° = 0 



F ec = 1166.67 = 1167 lb(T) 

Ans 


F eg = 1166.67 = 1167 lb (C) 

Ans 

Joint C : 

+ T ^ V =0; 

/c C cos45° + 1166.67 - 1500= 0 

F C , 


F cg =470.93 = 471 lb (T) 

«í 

8 

Ans 








*S 

'èS?.5 f é 



ttíi.i \b 



I fOO-lb 
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Joint F: 


~>ZF t = 0; 


+ T ZF y = 0; 


15 +F fe - -=(F fc ) = 0 

f2 


25 10 F fc (——) _ 0 


• 2 -' A 

—r’--“ 


/>C = 21.21 = 21.2 kN (C) 


F ff = 0 


ioint E : 


->2% = 0; 


^ED ~ 0 


+ ÎZF y = 0; f £c _ i5 = 0 


í- 


ioint Z) : 


-+Z/r = 0; 


= 15.0 kN (T) 


F dc — 0 




27 5 
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«MelíM, each 

s«° r'iíot T m ™‘" in '“ si “» 

5>et P, - 100 lb, P 2 = 200 Ib, P 3 = 300 lb. 



C+IM a = 0 ; 

+ TXP y =0; 


200(10) + 300(20) - Rq cos30°(30) = 0 
= 307.9 lb 

- 100 — 200 - 300 + 307.9 cos30° = 0 
= 333.4 lb 



AlP r = 0; 


\ ~ 307.9sin30° = 0 


A, = 154.0 lb 


Joim A : 


+ TXÇ =0; 


AXJÌ = 0; 


333.4 - 100 -pP ., = 0 

V2 

= 330 Ib (C) 

154.0 + F af - -1(330) = 0 

Ì2 

F af = 79.37 = 79.4 lb (T) 


Ans 


Ans 





Con'd 


%p\ 




^ w w^iv jjteac|n ge nje rj_d. t> I og s p o t. ( 
Joint B : 


+ ÎI F y =0; 


-»S F = 0; 


Joint F : 


+ Î2 F y = 0; 


Joint E : 

-+I F r = 0; 


+ tZF y = 0; 


'Joint C: 


->lF r =0; 


+ TïF y = 0; 


— (330) - F bf = 0 

í 2 

F bf = 233.3 = 233 Ib (T) 
1 


f 2 


(330) - F sc = 0 


F bc = 233.3 = 233 lb (C) 


- — /> c - 200 + 233.3= 0 


F fc = 47.14 = 47.1 lb (C) 


AlÇ = 0; - 79.37 - — (47.14) = 0 


V "2 


= 112.7 = 113 lb (T) 


Ans 


® 

33o.ûU) rSF 


Ans 


Ans 233 .U 0 


u ìjï'' 


pc 


7Î.3W 

+-=—»• F 


l® 

200«) 


FE 


Ans 


/r £C = 300 lb (T) Ans 

F ed = 112.7 = 113 lb (T) Ans 


4=(47.14) + 233.3 - ^=F CD = 0 

f2 V2 


F cd = 377.1 = 377 lb (C) 


Ans 


1 1 

— (47.14) - 300 + —(377.1) = 0 

f2 V2 


113.7M> T 
3ou(, 


2 33.3«; © 

Hll'tlí ' iWW> FtP 

Checld 
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6-15. Determine the force in each member of the truss 
and state if the members are in tension or compression. 
Set ?! = 400 lb, P 2 = 400 lb, P 3 = 0. 



u ÏM A = 0: 


+ nF y = 0 ; 


-400(10) + KdCOs30°(30) = 0 
Rç, = 153.96 lb 

A - 400 - 400 + 153.96 cos30° = 0 


Ay = 666.67 lb 


1>ZF X = 0; A* - 153.96sin30° = 0 


A, = 76.98 lb 


An 'Off j 'o|b~V 

Zoei l 3ooit ^ ^ 

* 34° 


Joint A : 


+ ÎXF y =0: 


666.67 - 400 - -f=F ÁB = 0 


F ab = 377.12 = 377 lb (C) 


AZF, = 0; 76.98 + F Af - - 7 = (377.12) = 0 




Joint B 


F, = 189.68 = 190 lb (T) 


+ ÎXF y =0; 


— (377.12) - F flf = 0 

{2 


F fl , = 266.67 = 267 lb (T) 


#1 




-+ZF = 0; 


-p(377.12) - F flC = 0 


Fa r = 266.67 = 267 lb (C) 
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*6-16. Determine the force in each member of the truss. 
State vvhether the members are in tension or 
compression. Set P = 8 kN. 



Joint D 

+ ÎI^=0; F dc s in60°-8 = 0 

f dc = 9.238 kN (T) = 9.24 kN (T) Ans 

-+ZÇ =0; F D[ - 9.238cos 60° = 0 

F oc = 4.619 kN (C) = 4.62 kN (C) Ans 


Joint C 


+ Tj ^=0; /fc £ sin60°-9.238sm60° = 0 

F ce = 9.238 kN (C) = 9.24 kN (C) Ans 

^ ^ = 0: 2(9.238 cos 60°) - F c , = o 

F c, = 9.238 kN (T) = 9.24 kN (T) Ans 


Joint B 

+ Ti^=0; F ts sin 60° ~ F t/I iìn 60° = 0 
F ,c = f ia = F 

-* 2 ^= 0 ; 9.238-2fcos 60 ° = 0 

F = 9.238 kN 

' n,us - F êc = 9.24 kN (C) F Slt = 9.24 kN (T) An s 

Joint E 

+ T ^=0; 5-2(9.238sin60°) = 0 ^=16.0kN 

♦ 

~* ZF ‘ =0; F u + 9.238 cos 60°-9.238cos 60° + 4619 = 0 
F u = 4.62 kN (C) Ans 

Nou : TJc suppon ncactions A ,rxJ A, can be dcccnumcd by analysmg 
JointA usmg the results obtainol above. 
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6-17. lf the maximum force that any member can 
support is 8 kN in tension and 6 kN in compression, 
determine the maximum force P that can be supported 
at joint D. 


Method of Joints : Ln thu ca.sc, the support reacóons are not required for 
determining the member forces. 

Joint D 

+ Tl^=0; fò c sin60°-P = 0 F^ c = 1.1547P (T) 

4l^=0; F o£ -i.l547/>cos60 o = 0 F de = 0.57735P (C) 

Joint C 

+ ÎI/j=0; F c£ sm60°-1.1547ftin60° = 0 

F cc = 1.1547/* (C) 

-+ LFt = 0; 2( l.I547/*cos 60°) -F ca = 0 F c , = 1.1547/* (T) 

Joint B 

+ îr/ỳ=0; F, e sin 60° — F, A sin 60° = 0 F tE = F„=F 

-*ZF X =0; 1.1547P- 2/xos 60° = 0 F= 1.1547/* 

" n,us - F, e = 1.1547/* (C) = 1.1547/* (T) 

Joint £ 

-»r^=0; F„ + 1.1547/* cos 60°- 1.1547/*cos 60° 

+ 0.57735/* = 0 

/ì, = 0.57735/* (C) 

From the above analysis, the maximum compression and tension in the truss 
member is 1.1547/». For this case, compression controls which rcquires 


1.1547/*= 6 
P = 5.20 kN 


Ans 



fipc 

\ 


éo;) 


& 

* X 


V 


i 

Fci 

c 

/ 



\ 

1 fk'//S47p 




5 F ct *7/S4-7P 


fe* * ^ 

/ 


•U547P 

\ 

*ì1547p 


nco' 


'e - - 

-05773FP 
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6-18. Determine the force in each member of the truss and 
state if the members are in tension or compression. Hint: 
The horizontal force component at A must be zero. Why? 



Joint C : 


-+ZF, = 0; 


F r „ - 800 cos60° = 0 


F cb = 400 lb (C) Ans 


+ ỲLF = 0; F rn - 800 sin60° = 0 


^ . 800U, 



Joint B 


F cd = 693 lb(C) Ans 


~->LF x = 0; -F bd - 400 = 0 


F bd = 666.7 = 667 lb (T) 


+ tLF y = 0; F ba - -(666.7) - 600 = 0 


F ba = 1133 lb = 1.13 kip (C) Ans 


tooU> 


'\sJOOU 


Member AB is a two - force member and cxerts only a vertical force along AB at A. 
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6-19. Determine the force in each member of the truss and 
state if the members are in tension or compression. Hint.The 
resultant force at the pin E acts along member ED. Why? 



284 
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o-ZO. Each member of the truss is uniform and has a mass 
of 8 kg/m. Remove the external loads of 3 kN and 2 kN and 
determine the approximate forct in each member due to 
the weight of the truss. State if the members are in tension 
or compression. Solve the problem by assuming the vveight 
0 each member can be represented as a vertical force half 
of whtch ts apphed at each end of the member. 


■ 3 m - -J 

3=4 


Joint D: 


OhS tï(9.íl)|j J4.t2fŶ.Î 1 )aJ 

« )L_lL*c 


Joint C: 


+ ÎLF y = 0 ; 


-»Z F x = 0; 


Joint B : 


iW' 5!.2?(î.8l)xl 


,— F co — 259.1^ 0 

V13 


E 

fro = 467.3 = 467 N (C) 

Ans 


~F cb + 467.3(~) = 0 



V 13 


F. 

F cb = 388.8 = 389 N (1) 

Ans 


F Bá = 388.8 = 389 N (T) 

Ans 


F bd = 313.9 = 314 N (C) 

Ans 



?/5 

.!© 


'32§.?M 


= 0 ; 


■ à í4673ì ~ = 0 


+ ÎZF = 0 ; 


2 2 2 

/Î3 (Fm) + ~Ju {F da) ~ Tl3 (467 ‘ 3) _ 313 ' 9 ~ 503 -° = 0 

F de = 1203 = 1.20 kN (C) Ans - " 

'd/1 n 

F da = 736 N (T) Ans 


i'- 

503.0N 4673* 


/f^® 

Fpt 3 
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6-21. Determine thc l'orcc in cach mcmber ot thc truss 
in terms of thc externul loading and state if thc membcrs 
are in tcnsion or comnression. 



Joint B : 


+ ÎZÇ =0; 


F„. sin20 - P = 0 


F ba = Pcsc2G (C) 


^LF X = 0; 


P csc20(cos20) - F bc = 0 


Joint C: 


F bc = Pcoú.9 (C) 


->If x = 0 ; 


P cot2 6 + P + F rn cos29 - F rÁ cos 6 = 0 


+ ÎZF y =0; 


F rn sin26 - F CÁ sin 9 = 0 


F ri = 


cot2 6 +1 
cos 6 - sin0cot20 




Joint D : 

= 0 : 


= (cot£cos0 - sin0 + 2cos Q)P (T) 


F cd = (cot2 G + 1 )P (C) 


F da - (cot20 + l)(cos20)P = 0 


F da = (cot20 + l)(cos20)(P) (C) 


1 ) ? 

® L> 

- 

Î 
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6-22. The maximum allowable tensile force in the 

members of the truss is (F,) max = 2 kN, and the maximum 
allowable compressive force is (F r ) mal = 1.2 kN. 
Determine the maximum magnitude P of the two loads that 
can be applied to the truss. Take L = 2 m and e = 30°. 

= 2 kN 


^• F C ) max 1.2 kN 


Joint B : 



+ - 0; f ba cos30° - P = 0 


Joint C : 


1.1547 P(C) 


~ °: f ab sin30° - F ar = 0 


f bc = P tan30° = 0 57735 P (C) 


+ î Z F = 


- F Cá cos30° + F r 


7 co sin60° = o 


,. _ sin60° 

= = 1 732f » 


X( ' °' rtan3°° + P + F co cos60° - cos30° = 0 




p Xi 

'CA / 


F CD ~ ( 


tan30° + 1 


7= —- ~)P = 1.577 P(C) 

y 3cos30 - cos60° 


Joint D: 


F C/) = 2.732 P (T) 


= 0 ; F na - 


'da ~ 1.577 P sin30° = 0 


= 0.7887 P(C) 


1) Assume F CA = 2 kN = 2.732 P 
p = 732.06 N 




/.f=RP 


- 1.577(732.06) = 1154.5 N < (F c ) max = 1200 N 


(O.K!) 


Thus, p 


= 732 N 
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6-23. Determine the force in each member of the truss 
and state if the members are in tension or compression. 


Suppart Rtactiant: 

QlM 0 = 0; 4(6) + 5f3)-Ç(3) = 0 E, = 23.0kN 

+ Tltr =0; 23.0-4-5-Z^ = 0 D, = 14.0kN 

—> LF X =0 £) = 0 

Method of Joints : 

Joint D 


+ T= 0; F de -14.0*0 

Iv^J 


-+IZÎ =0; .«3[^-J-4c-0 

F dc = 8.40 lcN (T) 


F os = 16.33 lcN (C) = 16.3 kN (C) Ans 
.( 3 ì _ 


-3 m -- --3 m---3 m- 

B) L_Ç_ 


4tt 

^ l jm 1 


-*£/r =0; 4,(~]-I6.33Í~Ì = 0 

^/lOj [^34 J 

F c* = 8-854 IcN (C) = 8.85 lcN (C) Ans 

+ T£F, =0; 23.0- 16.33Í-Ì=ì-g.854Í~ì-F ir «o 

IV*J L/iôJ 

F cc - 6.20 kN (C) Ans 


+ T ZF, = 0; 6.20 - F cr sm 45° = 0 

F cr = 8.768 lcN (T) = 8.77 lcN (T) Ans 

->ZF,= 0; 8.40 - 8.768coj 45° ~F ct =0 

F ct = 2.20 lcN (T) Ans 



ì 

fk 

_ 

j> V-° 

p/}, 


Be ' 

Vy 'I4-0 KN 

1 

F 


ÏBC 

Ba 

/ 

t . 


->ZF.= 0; 2.20-F lt eos 45° = 0 

F, t =3.111 kN (T> = 3.11 lcN (T) Ans 

+ T ^Fj = 0; - 4 - 3.11 lsin 45° = 0 

F, r = 6.20 kN (C) Ans 


+ Tl/r= 0; 8.768sin 45°-6.20 = 0 (Chtck!) 

ZF, = 0; 8.768cos 45° -F rA =0 

F rA = 6.20 lcN (1) 




Z.ioh? 



/ 


Be _ 

c 

Fîc-8 4-oFfJ 

4? 

y 


— >- . 

/ 

Fcr 


/C6/ 


/ î. 7 ùT4*J 
-- - K 
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*6-24. Determine the force in each member of the 
double scissors truss in terms of the load P and state if 
the members are in tension or compression. 


B C 
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6-25. Determine the force in each member of the truss and 
state if the members are in tension or compression. Hint: 
The vertical component of force at C must equal zero. Why? 



Joint A : 


+ t 'LFy = 0 ; 


= 0 ; 


F áB = 7.5 kN (T) 
-F aE + 7.5(|) = 0 
F aF = 4.5 kN (C) 


Ans 


Ans 


Joint E: 


-+LF, =0; 

F ed = 4.5 kN (C) 

Ans 

+ TLF y = 0; 

F eb = 8 ^ (T) 

Ans 

Joint B : 



+ ÎLFy = 0; 

- 8 - - 5 0-5) = 0 



F bd = 19.8 kN (C) 

Ans 

^LF X = 0; 

F BC -\^-J 2 ^ = 

0 


F bc = 18.5 kN (T) 

Ans 


C is zerobecanseBCis a two - force member. 
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\6í26.usBac^EW®nibeffiloé^t.e49«is uniform and has a mass 
of 8 kg/m. Remove the extemal loads of 6 kN and 8 kN 
and determine the approximate force in each member due 
to the weight of the truss. State if the members are in 
tension or compression. Solve the problem by assuming 
the weight of each member can be represented as a vertical 
force, half of which is applied at each end of the member. 



314.0 U 


Joint A : 


+ ÎZÇ =0; 


: F áb - 157.0= 0 



31S.SN 


F ab = 196.2 = 196 N (T) 


-+Z F x = 0; 


-F AE + 196.2(-) = 0 


F ae = 117.7 = 118 N (C) 


J57.0M c 

iy 

0 F*e 


Joint E : 


->Z F x =0; 


+ ÎZF y = 0; 


F ed = 117.7 = 118 N (C) 


F eb = 215.8 = 216 N (T) 


T® , 

r 

315. 


Joint B : 


+ ỲLF y = 0; 


1 4 

-p(F BD ) - 366.0 - 215.8 - -(196.2) = 0 

y 2 5 


,3kk.0H 


-+Z F = 0; 


F bd = 1045 = 1.04 kN (C) 


F bc - -(196.2) - -==(1045) = 0 




F bc = 857 N (T) 
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6-27. Determine the force in each member of the truss 
in terms of the load P, and indicate vvhether the members 
are in tension or compression. 


Snpport Roactioiu : 

= 0; />(2<f)-A,^</) = 0 A, = L 


4 4 

+ ÎIÇ=0; -P-E,=0 Ç=-/> 


-+ !/>, = 0 £,-/> = 0 E,=P 

Methoi of Jointt : By úupection of joini C, members CB and CD aie 
zcro forcc mcrabcr. Hence 


Joint A 


+ ÎÏF, =0; F a . 


Fca = ^cd = 0 
1 


Ans 


4 

-/> = ° 


F Á . = 2.404 P (C) = 2.40 P (C) Ans 


* t/ỳ = 0; /r,-2.404/> 


1.5 


^25, 
= 2.00/> (T) 


= 0 


Ans 


Joint£ 


-* I/; = 0; 2.404/> 


1.5 


Iv^J 

-fir 


-P 

0.5 


-F, 


0.5 


+ T ZF, = 0; 2.404/>l 


Unsj * D l/i5j'" 

1 .00/>- 0.4472/^ f - 0.4472/^p = 0 [ 1] 

1 


+ F„, 


'Unsr r ° D {jns)- F ‘'gm}" 

1.333/>+0.8944/^ o -0.8944/ï r = 0 [2] 

Solving Eqs.fl] and [2] yield, 

F, r « 1.863/>(T) = 1.86/>(T) Ans 

F.o = 0.3727/>(C) = 0.373/>(C) Ans 


= 0 


Joint F 


+ T £/>, = 0; 

1.863/> —L. Lr 

r 1 ì 


i/nsj f£ l 

W>"2sJ 


= 0 


—♦ X/v = 0; F ro + 2 


/>I = 1.863/>(T) = 1.86/>(T) Ans 
0.5 


1.863/> 


- 2.00P = 0 


Ffp = 0.3333/>(T) = 0J33/> (T) Ans 


Joint D 


+ T 1F = 0; F dí —L= - 0.3727/>[ 1 

UïSs' 


I/ÏSJ 

/ì>£ - 0.3727P (C) = 0.373/> (C) Ans 


* LF * 0; 


2|0.3727/>|-^L 

WÏSJ 


- 0J333£ = 0 (Ch*ck!) 
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*6-28. If the maximum force that any member can 
support is 4 kN in tension and 3 kN in compression. 
determine the maximum force P that can be supported 
at point B. Take r/ = lm. 

Support Rtactiom : 

Ç+ÏM e = 0; P(2r/)-A,^dj = 0 

+ ÎÏF, =0; ^ 

•T» tf, = o í;-p = o e,=p 

Mtthod of Joints : By inspection of joint C, members CBand CD are 
zero force member. Hence 

Frm — Frn — 0 



■ d -I— d/2— 4— d !2 -4——- d 


+ T LFj - 0; F Á -^ 0 F AÍ =2.404/>(C) 


15 \ 

I>If;=0; F AF -2.40dP -^== /^jr» 2.00B (T) 


A î * 


l V£p 


»I/r=0; 2.404 


'ívSs) - ' 


.,(« ]-J “ .0 

lV»3sJ Wï3J 


1.00P-0.4472F,,-0.4472F sd = 0 


+ ÎIF 7 =°; 2.404^j+^^j-F,^ 

1.333? + 0.8944F, d - 0.8944F,, = 0 

Solving Eqs.(l) and [2] yield, 

F„ = 1.863F(T) F, 0 = 0.3727F(C) 


ÌA r a 

C 


■.•Zoof 

uFtf'l&ûp 

ï/ 

/fl 9 

1 fì 

\ Íff 


Aiû» 


»Ai 


Vf £ 


. f i ì r i 

+ ÎLF =0; 1.863F -== -F n -== =0 

UM l/i^J 

F ra = 1.863F(T) 


- 0.5 i 

-»2F =0; F ro + 2 1.863F -== -2.00P = 0 

[ IV^JJ 

F ro = 0.3333F(T) 


From the above analysis, the maximum compression and tension in the tniss 
members are 2.404F and 2.00F, respeetrvely. For this case, compression 
controls which requires 


+ ÎLF,=0; F D£ í- 7 i=ì-0.3727Ff- 7= L=ì = 0 

[JUs) {tfUsj 

F de = 0.3727F (C) 


4IF, = 0; 2 0.3727F - 

Vv 


-0.3333P= 0 (Chtch!) 


2.404F . 3 
F= 1.25 kN 
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»6-29. The two-member truss is subjected to the force 
of 300 Ib. Determine the range of 0 for application of the 
load so that the force in either member does not exceed 
400 Ib (T) or 200 Ib (C). 


JointA: 

£Ti = O, 300 coi 9 + F * c * F *‘ (|) ■ 0 

+ ^ * 0; — 300 lind + F A § j » 0 

Thui, 

F a i * 300 tia 9 

Fac ■ - 300 cca 9 - 400 tm 9 



SOO lt 



300 Ib 


For AB require : 

- 200 S 300 lìs 9 S 400 

- 2 S 3 im 9 S 4 (I) 

For AC requirc: 

- 200 S - 300 cot 9 - 400 lin 9 S 400 

- 4 S 3 cot 9 + 4 tin 9 S 2 (2) 

Sotving Eqi. (I) and (2) timuUueouily, 

127° S 9 S 196* Au 
336* S 9 S 34r Aa* 

A ponible hand loludon . 

9j =. 9, + tan" 1 » 9, + 36.870 
Theo 

Fam * 500 sin 6\ 

Fac = - 300cos (9j - 36.870°) - 400lin (9, - 36.870°) 

* - 300 [coi 9j ooi 36.870° + lin 9j lin 36.870°) 

- 400 [lin 9j coi 36.870° - coi 9j lin 36.870°) 

= - 240coi 92 - 180lin 9j - 320im9j + 240co»9j 
= - 300 lin 9z 

TTtua, we require 

- 2 S 3 sin 9, S 4 or - 0.4 S lin 9, S 0.8 (t) 

- 4 S 3 sin 9j S 2 or - 0.8 S sin 9j S 0.4 (2) 



Since 9, = 9j - 36.870°, ifae tinge of iccepiable vitues for 9 = 9, ii 
127° S 9 S 196° Au 

336° S 9 S 347° Au 
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6-30. Determine the t'orce in memhers BC, HC, and 
HG of the bridge truss. and indicate whether the 
members are in tension or compression. 



Support Reactions : 

Ç*X.U E =0- 18(3) + 14(6) + 12(9) -A, (12) =0 A, = 20.5 1 

Method of Sections : 

{+LVt c = 0; B hc (3) + 12(3) - 20.5(6) = 0 

F hc = 29.0 kN (C) Ar 

C + “ W » = 0: F bc (3) - 20.5(3) = 0 

F,c = 20.5 kN cn An 


+ Ta >=0: 20.5 - 12 - F HC sin 45° = 0 

Fhc = 12.0 kN (T) 


| -j. jm ^ ò m I _ 

-Av 12 W 14-M iôkkl “} 



i=2û-5kji 


6-31. Determine the force in members GF. CF. and 
CD of the bridge truss. and indicate whether the 
members are in tension or compression. 



Support Reactions : 


0; E, (12) -18(9) -14(6)- 12(3) = 0 E, = 23.5 kN 


Method of Sections : 

[+IM c = 0\ 23.5(6) - 18(3) -F aF (3) =0 

F cf = 29.0 kN (C) 

^+ZVí F = 0; 23.5(3)-F co (3) = 0 

F cd = 23.5 kN (T) 

+ T XF y = 0; 23.5 - 18 - F CF s\n 45° = 0 

F cr = 7.78 kN (T) 


3 «r 3” 

Í8FM 


£^-Zi'S <8 
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6-32. Determine the force in members DE, DF, and 
CFoi the cantilevered truss and state if the members are 
in tension or compression. 


D ej 


* t LF, m O, J F or - í (1500) - 0 


F or = 2000 Ib = 2.0 kip (C) An» 


Ç*ÏM d = 0; t (1500) (12) + ] (1500) (3) - F or (3) = 0 


f gf = 5700 Ib = 5.70 lop (C) An 
ÇVlAf, = 0; t (UOO) (16) - F dí (3) = 0 

F ac = 6400 Ib = 6.40 Idp (T) Ans 


-. ^ ====^ =—- _ 

\ j 1 H G F 

4 fl —|— 4 ft —- - 4 ft —-.— 4 f t —. 



6-33. The roof truss supports the vertical loading 
shown. Determine the force in members BC, CK, and 
KJ and state if these members are in tension or 
compression. 



12 m, 6 @ 2 m 


->LF Z = 0; 


+ LM a = 0 ; 


A = 0 


-A y { 12) + 4(8) + 8(6) = 0 


8*4 

Hn 1 


A v = 6.667 kN 


(. + LM r = 0; 


-6.667(4) + F kj { 2) = 0 


- 12m ■ 


F kj = 13.3 kN (T) 


'v + 1M k = 0; 


6.667(4) - —F ac { 2) = 0 


6 X! Fc* 


(, + I M a =0; 


F bc = 14.907 = 14.9 kN (C) 


Fr v — 0 


« ^_I__T 

î L K h f <í 

6 .( 47*14 


298 




6 Ç^W. ifì§èWpfflêrfà^l%íí§otrtewmbers CD, CJ, KJ, and 
DJ of the truss which serves to support the deck of a 
bridge. State if these members are in tension or 
compression. 




D E F w _ 


#i ... 


ir i# 


-■'j'v <jy -- 

L K \J \I H 

-9 ft—"—9 ft—•— 9 ft — 4 - 9 ft 7 9 ft— -—9 ft 


+ iM c = o; 


-9500(18) + 4000(9) + F KJ { 12) = 0 


F kj = 11 250 lb = 11.2 kip (T) 


l + IMj = 0 ; 


-9500(27) + 4000(18) + 8000(9) + F CD (12) = 0 


F cd = 9375 lb = 9.38 ldp (C) 


-+IF =0; 


■9375 + 11 250 - -F C j= 0 
5 c 


F CJ = 3125 lb = 3.12 kìp (C) 


Joint D, 


F nl = 0 


+,OOOU> î,Q0CD> , 
ft 1 ft s 1(f t- 1 \ fx* D 

f\t\ ; Jh 

\l 1 


6-35. Determine the force in members El and JI of the 
truss which serves to support the deck of a bridge. State 
if these members are in tension or compression. 


oUOO 
1)00 lb I 

4 c 



L K J I H 

— 9 ft— 4 —9 ft— 4 — 9 ft— 4 - —9 ft— C- 9 ft —— — 9 ft 


(, + IM e = 0\ -5000(9) +7500(18) - F} ; (12) = 0 


Fj, = 7500 lb = 7.50 Idp (T) 


+ ÎIF y =0; 


7500 - 5000 - F e , = 0 


F ei = 2500 lb = 2.50 kip (C) 


5, 000 U> 

D E Ftf) „F W 

. T~7Z.77Ì~7 


sL-.l 


1 

7, SooU> 
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www .tfeíííngíí#(ÈCEntitagsfiot.fcffct in members BC, CG, and 
GF of the Warren truss. Indicate if the members are in 
tension or compression. 






S ttpport Rtactiomt : 

(+IAf £ = 0; 6(6) + 8(3)-A,(9) = 0 A y = 6.667 lcN 

ZF t = 0; A t =0 

Method of Sections : 

Ç+IM C = 0; F C p(3sin 60°) + 6(1.5) -6.667(4.5) = 0 
F of = 8.08 kN (T) 

Ç + XM o = 0\ /> c (3sín 60°)-6.667(3) =0 

F„ c = 7.70kN (C) 

+ ÎZÇ=0; 6.667 - 6- F co sin 60° = 0 
F co = 0.770 kN (C) 




Atf * 



£ fcAj 


6-37. Determine the force in members CD, CF, and FG 

of the Warren lruss - Indicate if the members are in tension 
or compression. 


Support Reactions : 

í + ^=0; Ç(9)-8(6)-6(3) = o £, = 7.) 


««Aorf ofSections 


(+Z3/ C =0; 

7.333(4.5) -8(1.5) - /^ c (; 
^fg * 8.08 lcN (T) 

(+5^=0; 

7.333(3) -F co (3sín 60°) = 
f cd = 8.47 kN (C) 

+ T Z/r = 0; 

/tr*in 60» +7.333-8 = 0 
F cr = 0.770 kN (T) 



C ...Jcp 


3 Sinéa'm 

ÉtrX . 





^7333/fcV 
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6-^wHêírangeBÌéHa.tfhagspi5fesfêiIì)ped in members fíB 
and GFoî the bridge truss and state if these members are 
in tension or compression. 


-10 ft-4— 4 ft —f— 4ft-10 ft- 

G F E 




L 

j/\ 



- A, 

áL 1 

-—r 




=0; -600(10) - 800(18) + D y ( 28) = 0 


UZF X = 0 ; 

+ î zF y = o; 


+ IM b =0; 


+ ÎIF y =0; 


Hft Hfl 

rTTT 


D y = 728.571 lb 


A, = 0 

A,, - 600 - 800 + 728.571 = 0 


A y = 671.429 lb 


-671.429(10) + F cf (10) = 0 


F gf = 671.429 lb = 671 lb (C) 


671.429 - F gb =0 
F cb = 671 lb (T) 


Avj toou, *ocib 




fc7t.+Atfc ' 10 


.6-39. The truss supports the verticalload of 600 N- 
Determine the force in members BC, BG, and HG as th 
dimension L varies. Plot the results of F (ordtnate w,th 
tension as positive) versus L (abscissa) for 0 — í- - 


♦ T£f, *0t -S00-fiosinS»0 


- «00 
r§G 3 — r~l 
smÔ 


JOIU * . 

y/L 2 + 9 

Fio 3 -200/1*79 

(+LMg » 0; -F,c(3)-600(L) =0 

F, c - -M0Í. 

(*IM, »0; F„ 0 (3) -600(2£) »0 

F«c • 400L 


- r-y, - 

9 y 

/. . V — 

1 F »C C U 


1+ B C 

L — L .. - L — 4—L- 
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*6-40. Determine the force in members 1C and CG of 
the w ^Wg®^ r if-^§Pf?feWers are in tension or 
compression. Also, indicate all zero-force members. 


<7 _ 0 




w im ii 

^ H\ G| >í' 


-1.5 m—(— 1.5 m - *l- 1.5 


m-4*--1.5 ni-*| 


By inspection of joints B, D, H ar.d l. 


6kN 6kN 


AB, BC, CD, DE, Hl, and GI are all zero-force members. 


. tLV/, = 0: -4.5(3) + F /c (-)(4) = 0 


F lc = 5.62 kN (C) 


Joint C : 


= 0 ; 


F r , = 5.625 lcN 


I- c i.s^vv6 


A>j-4.skKl 


+ î I F y = 0; 


(5.625) + 4(5.625) - F ca =0 
o 5 


F ca = 9.00 kN (T) Ans 


O --o 

FÁ 

^ f T. 


compression. Also, indic.,, ,1, mc “”" on “ 


By inspection of joints B, D, H and I, 

AB, BC, CD, DE, HI, and G/ are zero-force members. 


Joint E : 


+ T £F V = 0 ; 


7.5 - -F 1E = 0 


= 0 ; 


F je = 9.375 = 9.38 kN (C) 


-(9.375) - F gf = 0 


F gf = 5.625 kN (T) 
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6-42. Determine the force in members BC, HC, and HG. 
After the truss is sectioned use a single equation of 
equilibrium for the calculation of each force. State if these 
members are in tension or compression. 


4kN 4kN 


A +- •—r • ; 


'I D -Jle 






5 m—4*—5 m—4—5 m—4— 5 m 


Probs. 6-42/43 


(_+ 1M E = 0; 


.+ 1M h = 0; 


(,+ZM. =0; 


-Ay(20) + 2(20) + 4(15) + 4(10) + 5(5) = 0 


Ay = 8.25 kN 

-8.25(5) + 2(5) + F bc ( 3) = 0 
Fbc = 10.4 lcN (C) 


2toJ w Híl 3^ 

A —4:—£_ J. | J 


—I 1 " 

3 _ 


- H@5r*y - 2Cr<\ - 


5 ^ 5 n, 

«-**-Xí- 

/ 


-8.25(10) + 2(10) + 4(5) + ~F HG (5) = 0 T p* c \ 

Phg = 9.155 = 9.16 kN (T) Ans 


(. +IM 0 ■ =0; 


-2(2.5) + 8.25(2.5) - 4(7.5) + -p=4 c (12.5) = 0 

y 34 

V = 2.24 kN (T) Ans 
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TO us î5MÌ8Pfflffi^fl^8Ì Î8 , &embers CD, CF, and CG 
and state if these members are in tension or compression. 


2 kN 



^1F X = 
(, + 1M Á = 

(,+ 1M C = 

^ + IM f = 

(, + IM 0 - = 

Joìnt G : 

Al F x = < 

+ î ZF y = 



“Hït 5t+J 3W 


0 ; 4=0 
0; -4(5) - 4(10) - 5(15) - 3(20) + 4(20) = 0 

4 = 9.75 kN 


T 4-- 


l' i 


< 


e 3 


3*n 

3m 


0 ; 


0 ; 


-5(5) - 3(10) + 9.75(10) - —F fg (5) = 0 

y29 

4g = 9.155 kN (T) 

-3(5) + 9.75(5) - F cd ( 3) = 0 
4 d = 11.25 = 11.2 kN (C) Ans 


5 * i í.Sm 




C 



__ O 


T3i 

<j F aw 4^ 


-9.75(2.5) + 5(7.5) + 3(2.5) - —F cf (12.5)= 0 

y34 


3.21 kN (T) Ans 


4/, = 9.155 kN (T) 


Fûh 


Fj 


155 M 


-7=(9-155)(2) - F ca =0 
y29 


4c = 6.80 kîs (C) Ans 


5 © ' 
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*6-51. Determine the force in members CD and CM of 
the Ballimore bridge truss and state if the members are 
in tension or compression. Also, indicate all zero-force 
members. 


Support Reactions : 

Q-lM,=Cr, 2( 12) + 5(8) + 3(6) + 2(4) - (16) = 0 

A y = 5.625 lcN 

-* ^ = 0 ; A x =0 

Method of Joints : By inípecnon, raembers BN, NC, DO, OC, HJ 
LE and JG are 2 ero force meraber. AnJ 

Method of Sections : 


Ç+ I M u = 0; F cd (4) - 5.625 (4) = 0 

F cd = 5.625 kN (T) 

^£«,=0; F cu (4) — 2(4) = 0 

F cu = 2.00 kN (T) 


Ans 


Ans 



f'u 2 ' „ [ , )eterminc the force in members EF, EP, and l.K 
? the Balumore bridge truss and state if the members are 
m tension or compression. Also, indicate all zero-force 
members. 


Support Rtactions : 

QlM A =0; /j, (16) -2( 12) -3( 10) -5(8) -2(4) = 0 

I, = 6.375 kN 

Method of Joints : By inspection, merabers BN, NC, DO, OC, HJ 
LE and JG are zero forcc mcmbcr. 


Mtthod of Sections : 


Ç+IM,.=0; 3(2) + 6.375(4) -F ír (4) = 0 

F er = 7.875 kN (T) 

QlM c =0; 6.375 (8) - 2 (4) - 3 (2) - F u (4) - 0 

F LK » 9.25 kN (C) 


+ TST ; .0: 6.375-3-2-^ 45»-0 

Fy » 1.94 kN (T) 


Ans 


Ans 


Aru 


Ans 
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6-53. Determine the force in members KJ, NJ , ND, and 
CD of the K truss. Indicate if the members are in tension 
or compression. Hint: Use sections aa and bb. 



Support Reactions : 


(+ 1*0 = 0 ; 


Aïf; =0; 


I.20( 100) +1.50(80) +1.80(60) -A y (120) = 0 
Aj = 2.90 ]dp 

A, = 0 


^ctions : Fmm sectìon fl - 4 F„and F ca can be obained 
direnly by sumrmng moraou about poims C and K respectively. 

Ç+ IM C = 0; F eJ (30) +-1.20(20) -2.90(40) = 0 

Fti = 3.067 lcip (C) = 3.07 kip (C) Ans 

(+!*, = 0; (30) +1.20(20) -2.90(40) = 0 

F ca = 3.067 kip(T) = 3.07 lcip (T) Ans 
From sec b-b, summing forces along xandy«es yields 

= ° ; (|) ~ f mj (j)+3.067 - 3.067 = 0 


f nd =fV/ 


UJ 


^=0; 2.90-1.20-1.50-F w g)-^gJ = () 

f nd + F*,= 0.3333 [2] 









www.usacingenieria.blogspot.com 
6-^4. Determine the fnrr^ 

K Indicate if -he m , em0ers - //and DEof the 

munbers are in tension 


compression. 


iu ?Pon Rtaciionj 

^ ’ 0 ’ C ’ a:0) ~ L M(60) - 1.50(40, - 1 .2 0 f2O) =o 

G - =l.S0lu p 

o/Staiom . 

C+ ^ í = 0: 1-60(40) =0 

F, ‘ = --U iep (C) 

= '•«*«)-5,(30). 0 

, 0£ = 2.i3Jdp (T) 


memher D "pacT l tru«^ rCS memberof 1the «hree- 

and state iï the memh SUpp . orts the load "ig °f 1000 Ib 
Ìhc mcmher.s are m tension or compression. 


r f 10. 5 10 

1 15 15 J I5 k 


fco = Frn í- -- 


^ H.358 ' 1 1.358 « * U.353 k 


= f»fi2,Tlj + i2 k ì 
'•lí 15 15 J 



U _ K ' 




i -T • 

1300 Ib i 

1500 ib , r 

1800 lb 

; - 0fl —30ft-—20ft-^ :oft , 








p = - 1000 1 


_ °' ^ Tí) + F <* (- 7~ì - r,D í-ì = 


ïïlîiJ * 80 (.15 J = 0 


=0; ^(á) + f «(-T05i) + F «(n)-o 


^ = 0: ?ad f-ì + f cd { _i£_ì + F ( 10 
^15 J C °l 1 1.358 J F,0 ÍT7 


f /j> = 300 !b (O 
^io =■ 4501b(O Au 

Fa > = 5681b(0 An 
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www.i&^ng£?#éft®bt^á]3§t.fe»ee in each member of the space 
truss and state if the members are in tension or compression 
The truss is supported by rollers at A, tì, and C. 



ZF X = 0 ; 


3 3 

j F dc ~ zF da = 0 


ZF y = 0 ; 


F dc ~ F Da 

7 Fdc + \ F d* - ì~ 5 F db = 0 
F db = 1.486 F nn 



F ** F»C 


^ = 0; 


~ 8 + 2 (~j) f dc + ~F db = 0 


ZF, = 0 ; 


f dc - F da = 2.59 kN (C) 
f db = 3.85 kN (C) 

F bc = F ba 


£Fỳ = 0 ; 


LF X = 0; 


3.85( —) - 2(—i£_\c- _ „ 

6 - 5 Vi9T5 ),C ~ 0 

F bc = F ba = 0.890 kN (T) 

2 ' 59 ( ^ 0 ' 890 < 7 S 5 >-^ = » 

íic = 0.616 kN (T) 


3.S5W J 


| 3.51M 

fíT 

O-8Ì0 

L y 
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com 3 

I F. = 0; -p=(583.1) - 500 + -F AD = 0 

y 34 5 

F ad = 333 lb (T) Áns 

= 0; F ae - ^(333.3) - -£=(583.1) = 0 
5 y34 

F ae = 667 lb (C) Ans 

Joint E: 


^ = 0; p D - o 


^ = 0; F ef - ^(500) = 0 


Ans 


- 300 lb (C) Ans 


Joint C: 


^ =0; ŷ^ (583 1 > ~ F co= 0 

= 300 lb (C) Ans 

= 0; F cf - -£=(583.1) = 0 
y 34 

=300 1b(C) Ans 

^ y^ (58 3.1) - 400 = 0 Check! 


Joint F : 


^ = 0; -t =F df - 300= 0 


/Ï8 

F df = 424 lb (T) 


Ans 


^ = 0: tti (424 - 3) " 300 = 0 Check! 


! r 

£ ->-J " 




IfOOlt o 

x ftf Sp.llt 


F íf . 


> 4 , 


, J 
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wv T^ cil ì^e^f^te^^ported by a ball-and-socket 
joint at D and short links at C and E. Determine the force 
in each member and state if the members are in tension 
or compression. Take Fj = {200i + 300j — 500k} lb and 
p 2 = {400j} lb. 


I F x = 0; 


D. + 200 = 0 


D x = -200 lb 


* <3. 


I M, = 0 ; 


■C,0)~ 400(3) - 200(4) =0 


I M y = 0; 


Cy = - 666.7 lb 


Ç(3) - 200(3)= 0 


— X t ■- í ‘fooj j a 

Fi= [3oo\ t3ooj -Soc+ju, 


Joint F: 


Joint B : 


C. = 200 lb 


F bf = 0 Ans 




= 0 ; 


F gr = 0 Ans 




I F y = 0; 


I F x = 0; 


400 - -F g£ = 0 


F be = 500 lb (T) Ans 


Fab ~ ^(500) = 0 


ooth 

^ Fhô u 


JointA : 


LF X = 0; 


F áb = 300 Ib (C) Ans 


300 + 200- — =F ÁC = 0 


F ÁC = 971.8 = 972 lb (T) Ans 




1F Z = 0; 


3 3 

-=(971.8) - 500 + -F ad = 0 
y34 5 


^ad ~ 0 


I Fj = 0 ; 


F ae + 300 - —(971.8) = 0 
t/34 

F ae = 367 lb (C) Ans 
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Joint E : 


ZF, = 0 ; 


^DE ~ 0 


ZF X = 0 ; 


Joint C: 


F ef - -(500) = 0 


F ef = 300 lb (C) 


I Fpf 

e j 

7 6U>-7U,\ 

3) 


= 0: 


-7=(971.8) - F cd = 0 
y 34 


= 0 ; 


F cc = 500 lb (C) Ans 


- -=(971.8) + 200= 0 
y 34 

F cf = 300 lb (C) Ans 


ì I 

1 aûíUl) 

“‘■ 7 VÎ© 

X F cf 97I.SU, 


ZÇ = 0; 


: (971.8) - 666.7 = 0 Check! 


Joint F: 


LF X = 0; 


-F df - 300= 0 


/"300U> O' 


= 424 lb (T) Ans 



*6w<>&.uEteíBTgBnterta. togspoteeohimember of the space truss and 
state if the members are in tension or compression. The truss is 
supported by ball-and-socket joints at A, B, and E. Set F = 
{-200i + 400j}N. Hint: The support reaction at E acts along 
member EC. Why? 



Joint D : 


ZF* = 0 ; 


ZF y = 0 ; 


ZF, = 0 ; 


Joint C: 

ZF X = 0 ; 


IF Z = 0 ; 


IF y = 0 ; 


f ad + ! - F bd + 

V 31.25 

/7.25 

1.5 

1.5 

f ad + - f bd 

/ 31.25 

/7.25 

2 

2 

/- F bd + 

/31.25 

/7.25 

, = 343 N (T) 

Ans 

, = 186 N (T) 

Ans 

, = 397 N (C) 

Ans 


F rn -200= 0 


F rn + 400 — 0 


F rn — 0 


F bc - -=(397) = 0 
y 7.25 

F bc = 148 N (T) Ans 

F ec - ~jL=(397) = 0 
y 7.25 

F ec = 295 N (C) Ans 

vs (397> -= 0 

F ac = 221 N (T) Ans 


3fl* v 

x' Ftc 
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6-62. Determine the force in members UE, DF, and BC 
of the space truss and state if the members are in tension 
or compression. 


2ni f 

8 (—2k} kN 


Mtthod of Joimts : In thii cue, thc suppon mctxnu are not required for 
deterroming the member foroej. 


1^=0; F co jin60»-2 = 0 F co = 2.309kN (T) 

ZF' =0; 2.309ctu 60° - F ÊC * 0 

F lc “ 1.154 kN (C) » 1.15 kN (C) Aiu 




Joint D Since F co , /j)£ *nd F oí Ue within the sune plane and F ol is out 
of this plane, then Fob = 0- 


Mts)- 


2.309cos 60“ = 0 


F of = 4.16 kN (C) 


1.732 

1^=0; F, c -=■ -2 = 0 

F„ = 4.16 lcN (T) 




: y 

I 

F ít *Z io9 ttd 
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6-63. Determine the force in members AB, CD, ED 
and CF of the space truss and state if the members arê 
in tension or compression. 



l~2k) kN 


M„h°d of Joints : In this cue, the suppon 
de<erm "ung the raember fonses. 


reactions are not required for 


Joint C Since F CD , F, c and 2 kN force lie within the sarae plane and 
f cf 8 of this planc, thcn P 2X1(2 


^= 0 ; fc B sin 60 ° -2 = 0 

Fcd - 2.309 kNC0= 2.31 kN (T, An, 

^=0; 2.309cos 60° - /J c * o íe . UJ4kN(C) 

S ^ W,Ih,n th# Sa “ P,ane «• * “ 0«, 


ZF ‘ * 0; ^r(ŷ=j-2.309cos 60° = 0 

Fdf - 4.163 kN (C) 


^ =0; 416 W F “=° 

Fm = 3.4« kN (T) 


Tr _ n , _ l.lOi 

' “ ~7l3 ~ 2 " 0 F *i “ 4 .163kN (T) 


^,«0; /5,-4.163 


« 3.46 kN (C) 



Fic'/is+tA 
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T 55 -. spaceTAss u used to support vertical forces 
at jomts S C and D. Determine the force in each membeí 
a> d state if the tnembers are in tension or compression. 



Jûint C : 


£ 

II 

o 

^sc — 0 

Ans 

II 

p 

= 0 

Ans 

Ì3 

n 

o 

= 8 kN (C) 

Ans 

Joint S : 

ZF y = 0; 

o 

II 

Q 

uT 

Ans 

o 

ii 

S* 

f ba = 6 kN (C) 

Ans 

Joint D: 

J3 

II 

o 

F AD — 0 

Ans 

o 

n 

íí 

= 0 

Ans 

^ = 0; 

= 9 kN (C) 

Ans 

Joint £: 

£ 

II 

o 

O 

II 

Ans 

J3 

ii 

o 

F EA - 0 

Ans 

Joint A : 

ii 

o 

F af ~ 0 

Ans 



ì 



X 
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6-66. ín each case, determine the force P required to 
maíntain equilibrium. The block vveighs 100 Ib. 



EquatioHs of Equilibrium : 


») 

+ Î£/ỳ =0; 

4/>-100 = 0 

/>=25.0 lb 

Ans 

b) 

+ ÎEÇ »0; 

3P~ 100 = 0 

/>= 33.3 lb 

Ans 

c) 

+ ÎU I V =0; 

3/>'~ 100 = 0 

/>' = 33.33 Ib 



+ ÎUÎ =0; 

3/>-33.33 = 0 

/>=11.1 lb 

Ans 


/00 Ib 


t r 

• . > 

r 

p 

i 

p 

• 

k 





1 



* 

J 

' 


10 0 lí 

(M 


P' p' p' 



P pp 



P'-3ì-3ilb 
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6-67. The eye hook has a positive locking latch vvhen it 
supports the load because its two parts are pin-connected 
at A and they bear against one another along the smooth 
surtace at B. Determine the resultant force at the pin and 
the normal force at B when the eve hook supports a load 
of 800 Ib. 


^ +Y.M a = 0; - F a cos60°(3) — >■' H sin60°(2) 

+ 800(0.25) = 0 

F B = 61.88 = 61.9 Ih Ans 

- 800 - 61.88 sm60° + A v = 0 
A, = 853.59 = 854 Ib 


+ î ZF, =0; 


—f'LF x = 0: A r — /■>. cos 60 

A x = 30.9 lb 

F,\ = „4*53.59)-’ + (30.9p 
= 854 Ib Ans 


: 0 


Equations of Equilibrium: From FBD (a), 

+ t£/> = 0; p' -2P - 10 = 0 |1] 

From FBD (b), 

+ t Ef; =0; 2P + P' - 100- 10 = 0 |2] 

Solving Eqs. [1] and (2] yiclds. 

P = 25.0 Ib Ans 
P' = 60.0 lb 

The cord reactions at A and B are 

Fa = P — 25.0 lb F tí = P' ~ 60.0 Ib Ans 



800 Ib 


*6-68. Determine the force P needed to support the 100- 
lb weight. Each pulley has a weight of 10 Ib. Also, what . 
are the cord reactions at A and B1 



tP 


P' p p' P 




f 


10 Ib 


P P 100 Ib 

(a) (b) 
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6-69. The link is used to hold the rod in place. Determine 
the required axial force on the screw at E if the largest 
force to be exerted on the rod at B, C or D is to be 100 
lb. Also, find the magnitude of the force reaction at pin 
A. Assume all surfaces of contact are smooth. 



ZFy = ° : ^ = Ji Rb 


2 F x = 0; Ro = -j=« a 

V 2 


Assume R r = 100 lb 



Rc = Rd = — = 70.71 lb < 100 lb 

V 2 


(O.K) 


(,+ Z 'M a =0; 


- 100sm45°(50sin45°) - 100cos45°( 180+ 50cos45°) + R^{ 100) = 0 


+ ÎZÇ =0; 


Re - 177.28 = 177 lb Ans 


- 100sin45° + A v = 0 


A y =70.71 Ib 


A* p 




-+Z/2 = 0: 


177.28 - 100cos45° - A T = 0 


A = 106.57 lb 


R . = /106.57°- + 70.712 = 128 lb 


i 1 


/ I 
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Inc principles of a differenlia! chain block are 
tndicated schematically in the figure. Determine the 
magnitude of force P needed to support the 800-N force. 
Also, find the distance .c where the cable must be attached 
t° bar Aíì so the bar remains horizontal. All pulleys have 
a radius of 60 mm. 


EquaUons of Equilibrium : From FBD(a). 

+ ÎI/ỳ=0; AP'- 800 = 0 P’ = 200 N 
From FBD(b). 

+ T2 Ç=0: 200- 5P = 0 P = 40.0 N Aiu 

Ç-r LV/, = 0; 200(jt) - 40.0( 120) —40.0(240) 

-40.0(360) -40.0(480) =0 

4 = 240 mm Ans 




'4-J 

/Û 






T fT \ fáf 


180mm| Í240 mm 


_ / — / 

? ? 



p=.ZO0ri 


P p p p p 


6-71. Determine the force P needed to support the 20-kg 
mass ustng the Spanish Burton rig. Also, what are the 
reactions at the supporting hooks A, B, and C? 


For pulley D ; 


+ Î2/> =0; 


9P ~ 20(9.81) = 0 
p =21.8 N 
R* = 2P = 43.6 N 
r b = 2P = 43.6 N 
Rç = 6P = 131 N 



Ans p 
Ans 


^ P î P 




3p 3P 


ï P P 

3P 

3P T 
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*6-72. Tne compound beam is fixed at A and supported 


by a rocker at B and C.There are hinges (pins) at D and E. 
Determine the reactions at the supports. 

Equations of Equilibrium : From FBD(a), 


(+ 1M f = 0; 

C y (6) = 0 C y =0 

Ans 

+ î lF y = 0; 

o 

II 

bf 

o 

II 

o 

1 

uf 


4 ZÇ = 0 ; 

o 

II 


From FBD(b), 



C+XA/ d = 0; 

B y (4)-15(2) = 0 

B y = 7.50 kN 

Ans 

+ T IF y = 0; 

D y + 7.50— 15 = 0 

D y = 7.50 kN 


-+ Z/r = 0; 

D t = 0 


From FBD(c), 



(+2*4=0; 

M A — 5.00(6) = 0 

M a = 30.0 kN • m 

Ans 

+ T ZF y = 0; 

A y -5.00=0 A y = 

5.00 kN Ans 

O 

II 

-î 

o 

II 

«r 

Ans 
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6-73. The compound beam is pin-supported at C and 

»p P o„«d b» , ro „« r „ „ , nJ S. neZ, , hing« (”„) 
.hickn«“™r £r““ ■■ ' he ” ppom - Nes "°' ihe 


8 kip 



*30°| 

h6fí~l 

4 kip 


4 ft 2 ft 


j~L 8 ft -i- g f t 


Eguatiam of Equilibrium : FroraFBD(j), 

Ç+IAf o =0; 4cos 30°(12) + 8(2)-A, (6) =0 

A, = 9.Î95 lcip = 9.59 kip Ans 


+ T ZF r = 0; 

; D r +9.595-4cos 30°-8 = 0 


D r » 1.869 kip 

=0; 

D, — 4sin 30° = 0 D z = 2.00 kip 

From FBD(b), 


o 

II 

+ 

1.869(24) + 15+ uQj(g) (16) = 0 


B r = 8.541 idp = 8.54 ldp 

+ Tr(V =0; 

Ç +8.541- 1.869-I2^j = 0 


C r = 2.93 kip Ans 

-* ZF r = 0 ; ^- 2 . 00 - 12 ^ = 0 

=9-20kip AnJ 


Ctí 
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6-75. Determine the horizontal and vertical components 
force at pins A and C of the tvvo-member frame. 


200 N/m 



Equations of Equilibnum : 

E tc cos 45°(3)-600( 1.5) = o 
r,c = 424.26 N 

+ Î1/J= 0; A, +424.26cos 45°-600 = 0 

^ =300N Ans 

-+ = 0; 424.26sin 45' - A, = 0 

<4. = 300 N 


For pin C, 


C ' = ^scsin 45” = 424.26sm 45” = 300 N 
= f ìc <xs 45” = 424.26cos 45" = 300 N 


2CC(})*Gooti 


a* r 



& /S! 

f 

l $ 
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6-77. Determine the horizontai and vertical components 
foree at pins A. B.and Cand the reactions to the fixed 
support D of the three-member frame. 


Frtt Bady Dìagram : The soluoon for thu problem wUl be simplified if 
one rcaiizes thai membcr A C is a two force mcmber. 

Equations of Equilibrium : For FBD(a), 

Ç+lM a =0; 2(0.5) + 2(l) + 2(l.5) + 2(2)-/h c (-}(1.5) = 0 


+ XLF t =0; fl,+8.3330)-2-2-2-2 = O 

B, = 1.333 kN = 1.33 kN 

B, - 8 . 3330 ) = 0 
fl, = 5.00 kN 


. ZF, = 0; 


For prn A andC, 


=8.333(|] = 5.00 kN 
^r = ^( 3 ) = 8.3 3 3g) = 6.67 kN 


Frora FBD (b), 


Ç+IM d = 0 ; 5.00(4) - 8 . 3330 )( 2 ) -M 0 = 0 

M d = 10.0 kN m 

+ TZF r =0; D, - 1.333 - 8 . 3330 ) = 0 


► I F, = 0; 


D, = 8.00 kN 

f3X 


8 . 3330 )- 5.00-D, =0 

-- 


Ans 


Ans 


Ans 

Ans 


Ans 


Ans 


Ans 


2kN2kN2kN 2kN 



ZW 2UZM2^ 
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6-78. Determine the horizontal and vertical components 
of force at C which member ABC exerts on member CEF. 



3 ft— 300 lb 


Member BED : 


( + 1 M b = 0; -300(6) + Ey( 3) = 0 


E, = 600 lb 


ìx = 30oU) .> 0 ^ 

vL 


* ÌOOLb 


3&0 U 


+ ÎIE =0: 


-+2F r = 0; 


Member FEC : 


! + IM r = 0: 


-B y + 600 - 300= 0 


S v = 300 lb 


- 300 = 0 (1) î 


300(3) - E,( 4) = 0 


F = 225 lb 


I 3f t I 

jOOU 


■300U> 



| Cx'-7fJi 

Î 

/ 

/î 

// èy-50011, Hft| 


From Eq. (1) 


-+EF = 0; 


5 r = 75 lb 


- C x + 300 - 225 = 0 


itt 3fr 1 


Member ABC : 


C x = 75 lb 


í +IM Á = 0; -75(8) - Ç(6) + 75(4) + 300(3) = 0 


C y = 100 Ib 


335 
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♦6-80. The hoist supports the 125-kg engine. Determine 
the force the load creates in member DB and in member 
FB, which contains the hydraulic cylinder H. 


|*— I m - 



Frtt Bodj Diagram : The lohinon for dtis ptobtem will be simplified if 
one reslizes Uua memben FB snd DB sre two foree members. 

Equatioiu of Equilibrium : ForFBD(s), 


Çr lM g = 0; 1226.25(3) - ^ j(2) = 0 

F„ = 1938.87 N = 1.94 lcN 

+ T XF, = 0; 1938.87^= j- 1226.25 -£ = 0 

E, «613.125N 


I»IK= 0; £-1938.87 -= =0 

lyïôJ 


£ = 613.125 N 


Frora FBD (b), 


(+ZMc« 0; 613.125(3)-£ 0 sin45»(l) »0 

V £„« 2601.27 N = 2.60 lcN Ans 



izscïôi) Fh 

/jJ'é ZSAl ) 


-ŷC-nasrJ 
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vvvv^^aei^e^niena.e Ç$§^orce )l P on the cord, and the angle 6 
that the pulley-supporting link AB makes with the vertical. 
Neglect the mass of the pulleys and the link.The block has 
a weight of 200 lb and the cord is attached to the pin at B. 
The pulleys have radii of ry = 2 in. and r 2 = 1 in. 


+ Î£Ç =0; 


2r - 200 = 0 


T = 100 lb 



T 't 


20OUj 


-aLF x = 0; 


100 cos45° - F ab sin0 = 0 


+ ÍIF; =0; 


F ar cosQ - 100 - 100 - 100 sin45° = 0 


8 = 14.6° 


F ab = 280 lb 


lOOLfe lÔOLfc 


HoM mî? fr °t‘ ° f ‘ he ' S '° be iifted Usin ® a smooth - 

= d 10 ' ft lon S board - Tbe car has a wei g ht of 3500 Ib and 
a center of gravity at G. Determine ',e position * of the 
fulcrum so that an applied force o. 100 Ib at E wi!l lift 
the front wheels of the car. 



1.5 ft 3.5 ft 


ÒSOClb 


Frti Body Diagram : Whcn the front wheels are liftcd, thc normal 
rcacnon /V, = 0. 

Equaiions of Equilibrium : Frora FBD (a), 

(+IW,=0; 3500(4.5)-f c (9.5)=0 F c = 1657.89 lb 

From FBD (b), 

(+ = 0; I00(x) - 1657.89(10-j) = 0 

X = 9.43 ft An .1 



I / I 3-S/t | +5/t 

Fc L ^e-o 

i-sft 



F c */ÍS7-ôf lb 
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6-83. The wall crane supports a load of 700 Ib 
Determine the horizontal and vertical components of 
reacoon at the pins A and D. Also, what is the force in 
the cable at the winch W? 



+ î ZF, » 0: 2 T - 700 » 0 


“ T 


r » 350 Ib Ao 


Member ABC: 


Ç+ZMt »0; Ttatin 45* (4) - 350im60“ (4) - 700 (8) » 0 
T, d - 2409 Ib 

♦ Tl/r «0; -A, + 2409sin45* - 350iio60*- 700 » 0 


\ = 700 B) An 


-+ZF, m 0-, \ - 2409co< 45“ - 350co« 60° +350- 350 » i 

A “ 1.88 kip A iu 


D, m 2409 coi 45’ » 1703.1 Ib » 1.70 kip An 
D, m 2409iin45° » 1.70kip An* 


4S^ Sfoll 

A«. A 

As r 7ejlt 

3Soli 

i+oilt 

«vh 
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w\i!/fr.%4aciE^BtsnkiblcI^ïp(fbcc®ithat the smooth roller C 
exerts on beam AB. Also, what are the horizontal and 
vertical components of reaction at pin A1 Neglect the 
weight of the frame and roller. 


60 lb • ft 
X \ 


(. +1M Á =0; 


■60 + D x (0.5) = 0 


D x = 120 Ib 


éoit-f* 


tT— d ï 

0-5 ft 


-+I E =0; A x = 120 lb 


+ î LF y = 0; 4=0 


(,+ÏM B =0; 


-W c (4) + 120(0.5) = 0 


4c _ 15.0 Ib Ans 

6-85. Determine the horizontal and vertical components 
of force which the pins exert on member ABC. 



->ZF t =0; 


+ Î54 =0; 


( +IM C = 0; 


• + 1M d = 0; 


A x = 80 lb 


4 — 80 lb Ans 

80(15) - 5 V (9) = 0 


tou, (\ 


B y — 133.3 — 133 lb Ans 
-80(2.5) + 133.3(9) - 4(3)= 0 


Ift î 


4 = 333 lb 


-+1F X =0; 


+ Î 24 = 0 ; 


80 + 333 -Q =0 


C x = 413 Ib 


■80 + 133.3 - C v = 0 


gOU.-. r-lg-L.. W 

| 6x 

SOii 


C y = 53.3 lb 
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6-86. The engine hoist is used to support the 200-kg 
engine. Determine the force acting in the hydraulic cylinder 
AB , the horizontal and vertical components of force at the 
pin C. and thc reactions at the fixed support D. 


_ _ 1 1 350 mm j / 


\\ // 850 mm 

\\// 



Frtt Body Diagram : The loluuon for thu problem wil) be simplified if 
one reaÌLzes ihat member A B is a two force member. From the geometry. 


/350 2 + 850 2 - 2 (350) (850) cos 80° = 861.21 mm 


sm_S = sinSOP fl = 764 ,„ 

850 861.21 

Equations of Equilibnum : From FBD (a), 

(+ IM C = 0; 1962( 1.60) -f AS sin 76 41°(0.35) = 0 

' F.. = 9227.60 N = 9.23 lcN 


2+ XF' = 0; C, -9227.60COS 76.41° = 0 

C, = 2168.65 N = 2.17 ltN 


OèO'-fíUH 

J50mm (&.) 


4^\ 


(40Sir\ ìo'rn 


+ T XF, = 0; 9227.60 sin 76.41°- 1962- C r =0 

C y =7007.14 N = 7.01 kN 


From FBD (b), 


I» XF, = 0; D, = 0 An» 

+ T lF y = 0; D y - 1962 = 0 

D, = 1962 N= 1.96 kN An» 

+ ZM d = 0; 1962(1.60-1.40 sin 10°)-M o =0 

M n = 2662.22 N m = 2.66 lcN • m Ans 


\zoomij--ii6ztt 


(/■ bO-/-44 6ín /0 ') rr\ 



'o/ 1-40 fft 
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and vertical components 


u'saJi?i^i 1 ifS*iS% ! lb|l|Sîí.îSM a * 

torce at pins B and C. 



+ ZXf A = 0 ; 

AZF, =0; 
+ ÎZ F y =0; 
( a +I/V/ B =0; 

= 0 ; 


-Cy (8) + c x (b) + 50(3.5) = 0 
A, = c x 

50 - A y - C y =0 
-50(2) - 50(3.5) + C y (8) = 0 
C y = 34.38 = 34.4 lb 
C x = 16.67 = 16.7 Ib 
16.67 + 50 - B x =0 
B x = 66.7 lb 


+ = 0 ; 


By - 50 + 34.38 = 0 





343 






344 



www.usacingenieria.blogspot.com 


6-%. The loggle damp is subjected to a force F at the 
handle. Determine the vertical clamping force acting 
at E. 


Frtt Body Diagram : The joluóon for *u problero will be JimpUfíed if 
one nealúes ttuu member CDisi two foree member. 

EquaXions of Equilibrium : From FBD (a), 


Ç+ZM, =0; 

F co cos 3O°0-F co stn 30°(| 
F cd = 10.93 F 

)-F(2a) = 0 

+ îr^ =0; 

10.93Foos 30°-F-5 r =0 

B r = 8.464F 


-+X/Ì =0; 

From (b). 

B, - 10.93sin 30° = 0 

B, = 5.464 F 


Ç+2M Á =0; 

5.464F(a)-F í (1.5a) = 0 

F c = 3.64 F 

Ans 
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6-91. Determine the horizontal and vertical components 
of force vvhich the pins at A, B, and C exert on member 
ABC of the frame. 


-1.5 m—+-2 m- 


2.5 m | 


B I 
| 2 m 

1 I 


K + 1M e =0; 


-A, (3.5) + 400(2) + 300f3.5) + 300(1.5)= 0 


\ = 657.1 = 657 N 


( »+LVf 0 =0; - C v (3.5) + 400(2)= 0 


C v = 228.6 = 229 N 



+ IM B =0; C x = 0 


-+LF r = 0; 


+ ÎSF V =0; 


F B D - F BE 


657.1 - 228.6 - 2( — )F BD = 0 
V 74 

f bd = C S£ = 368.7 N 


^Ooj 

~r n*— 


5 X = o 


5 V = -=(368.7) (2) = 429 N 
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*6-92. The derrick is pin-connected to the pivot at A. 
Determine the largest mass that can be supported by the 
derrick if the maximum force that can be sustained by 
the pin at A is 18 kN. 



AB is a two - force member. 

Pin B 

Require F AB = 18 kN 

+ ÎLF V = 0; 18sin60° - — sin60° ~ W = 0 

y 2 

VT = 10.878 kN 

10.878 

m = - = 1.11 Mg Ans 

9.81 
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^^gsaqíltìêPÌftïiSeblflflSRiê^fired mass of the suspended 
cylinder if the tension in the chain wrapped around the 
freely turning gear is to be 2 kN. Also, what is the 
magnitude of the resultant force on pìn A? 


m 45 ° 

4i 




tmmM 


í t + IM Á 0; 4(2cos30°) + Wcos45°(2cos30°) + W r sin45°(2sin30°) = 0 


W = 3.586 kN 


m = 3.586(1000) /9.81 = 366 kg 


—> U\ - 0; 4-3.586cos45° - A = 0 


+ T -LF y = 0; 


A x = 1.464 kN 


3.586sin45° - A =0 


4 = 2.536 kN 


, r 


f a = /(1.464)2 + (2.536)2 = 2.93 kN 
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6-94. The pumping unit is used to recover oii. When the 
walking beam ABC is horizontal, the force acting in the 
wireline at the well head is 250 Ib. Determine the torque 
M which must be exerted by the motor in order to 
overcome this load. The horse-head C weighs 60 Ib and 
has a center of gravity at G< .The walking beam ABC has 
a weight of 150 Ib and a center of gravity at GB, and the 
counterweight has a weight of 200 Ib and a center of 
gravity at G w • The pitman, AD, is pin-connected at its 
ends and has negligible weight. 


Fnt Bodj Diagram : The solution for Uus problem wiil be simplified if 
one realizcs thai the pitmin AD is a two force meraber. 

Equations of Equilibrium : From FBD (a), 

£+1«', =0; ^ O sin70°(5)-60(6)-250(7) = 0 

I\d = 449.08 Ib 

From (b), 

Ç+ IM e = 0; 449.08(3) - 200cos 20°(5.5) -Af = 0 

«=314Jbft Ans 





^^«.ââfein^eteïaifetelífeetfêçei p on the cabJe Jf thg sprJng 
is compressed 0.5 in. when the mechanism is in the 
position shown.The spring has a stiffness of k = 800 lb/ft. 



Prob. 6-95 


F E = ks = 800( — ) = 33.33 lb 


i, + ZM A = 0; B x (6) + B y ( 6) - 33.33(30) = 0 


B x + B y = 166.67 lb 


+ ZM d =0; B y ( 6) - P( 4) = 0 


B y = 0.6667 P 



- 0; -B x + F cd cos30° = 0 (3) 

(» +1m b = 0; F cd sin30°(6) - />(10) = 0 


I ^/rî. 


F cd = 3.333 P 


Thus from Eq. (3) 

B s = 2.8867 P 

Using Eqs. (1) and (2) : 

2.8867 P + 0.6667 P = 166.67 


P = 46.9 Ib 
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*6-96. Determine the force that the jaws J of the metal 
cutters exert on the smooth cable C if 100-N forces are 
applied to the handles. The jaws are pinned at E and A. 
and D and B. There is also a pin at F. 



Fr„ Body Diagram : The solution for this problrra wiU be simplified if 
onc realizes ihaí merabcr ED is a two forcc mcrabcr. 

Equaíions o/ Equilibrium : From FBD (b), 

=0; ^ sQ 


From (a). 


IM e = 0; i4,sin lî°(20) + I00sinl5°(20) 

- lOOcos 15°(400) = 0 


From FBD (b). 


A, =7364.10 N 


(+ XM C • 0; 7364.10(80) - F c (30) = 0 

F c = 19637.60 N= 19.6 kN Ans 
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show n ï e th ? mpOUnd arran § ernent of the pan scale is 
h f ,‘ he maSS on the P an is 4 kg, determine the 

and^the'r Ver ” Cal corn Ponents at pins A, B, and C 
and the d ,stance , of the 25-g mass to keep the ^cale in 



Fr " Body Di “grxtm : The joluoon for thú problcm wdt bc simplificd d 
onc rnabzos that mcmben DE ind FG m two forcc mcmbcrs. 

Equaiions of Equilibrium : From FBD (a), 

(* = 0; 4 £ (375) -39.24(50) = 0 F oe = 5.232 N 

+ Î'X7)=0; /(,+5.232-39.24 = 0 

\ = 34.0 N Ana 


■ ZF, =0. 


From (b). 


C+LVf c = 0 ; />c(300) -5.232(75) = 0 f fc = 1.308 N 


+ T -/>=0; q- 1.308-5.232 = 0 

C; = 6.54 N 


50rnm\ | SZ5» 
—4 *- 



ArJ 

(■*’ 

Cv 



r A<f 75- 


í r-.-.F.ZiZN 


From (c), 


Ç + ™> =0; 1.308(100)-0.24525(825-,) =0 

x = 292 mm 

+ TZ^=0; 1.308-0.24525 - B, =0 

S, = 1.06 N 


>2^ =0; 


Sý «/ 3d?t3 ^ 


4/ I 7ZS-JC 

^> 0 - 100 m rr\ 


0015(9-81) 


4 0 Z452S N 
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6-98. The scissors lift consists of nvo sets of cross 
members and nv.o hydraulic cylinders, DE, symmetrically 
located on each side of the platform. The platform has a 
uniform mass of 60 kg, with a center of gravity at C,.The 
load of 85 kg, with center of gravity at C 2 , is centrally 
located on each side of the platform. Determine the force 
in each of the hydraulic cylinders for equilìbrium. Rollers 
are located at B and D. 


Free Body Diagram : Thc soluoon for this problcm will be simpliTicd if 
onc rcaiizcs thai thc hydraubc cyclindcr DE is a two forcc mcmber. 


-1.2 m —t—— 2 m - 



[— 1.5 in -1.5 m —) 


àS(?ô/)--âi3âSh éoC?ô')*5&bbr 


Equaiions of Equilibrium : From FBD (a). 

C+I M a =0: 2N b (3) -833.85(0.8) - 588.6(2) = 0 

2N. = 614.76 N 


+ ÎI/ỳ =0; 2A, +614.76-833.85-588.6 = 0 

2A y = 807.69 N 

FromFBD(b), 

(+ IM„ = 0; 807.69(3) - 2C, (1.5) -2C, (1) = 0 

2C X +3Ç, =2423.07 

Frora FBD (c), 

Ç+EM f = 0; 2C a (1)-2C, (1.5) -614.76(3) = 0 
2C, -3q, = 1844.28 


\0-8m\ l-2i* tm 


V (*) 

2 A j- e>°7 /j 



Solvìng Eqs.[l) and (2] yiclds 


Frora FBD (b), 


C, = 1066.84 N C, = 96.465 N 


► IF, = 0; 2( 1066,84)-2F D£ = 0 

F og = 1066.84 N= 1.07 kN 


Zbl. = bH7étì- 
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6-102. 'Ilie bucket of the backhoe and its contents have 
a vveight of 1200 Ib and a center of gravity at G. Determine 
the forces of the hydraulic cylinder AB and in links AC 
and AD in order to hold the load in the position shown. 
The bucket is pinned at E. 



Fret Body Diagram : The soluúon for this problem wìll be simplifted if 
one realizes that the hydrauhc cyílinder AB, tinks AD and AC are two 
force members. 

Equaíions of Equilibrium : From FBD (a). 

(+IM £ = 0; ^ c cos60°(l) + ^ c sin60°(0.25) 

- 1200( 1.5) = 0 

F ac = 2512.19 lb = 2.51 ldp Ans 

Using method of joint [FBD (b)], 

+ îx/r=0; 2512.19sin 60° ~ F AB cos 45° = 0 

F a , = 3076.79 lb = 3.08 Itjp Ans 

ZF X = 0; F ÁO - 3076.79sin 45° - 2512.19cos 60° = 0 
F ao — 3431.72 Ib = 3.43 Idp Ans 



0l5}t 
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6-103. Two smooth tubes A and B, each having the same 
weight, VV, are suspended from a common point O by 
means ot equal-length cords. A third tube, C, is placed 
between A and B. Determine the greatest weight of C 
without upsetting equilibrium. 



Fr*g Body Diagram : When (he equilibnuro is about (o be upseU the 


reaction ai B must be zero (N B - 0). Frora the geometry, 0 = cos" 


= 48.19“ and 9 = cos' 1 = 75.52°. 


Equaíions of Equilibrium : From FBD (a). 


-► ZF t = 0; Tcos 75.52° - N c cos 48.19° = 0 
+ T ZF r = 0; Tsin 75.52°-W c sin 48.19°- IV = 0 


Solving Eq. [ 1] and [2] yields. 


f= 1.4521V N c =0.54451V 


FromFBD(b). 


S 2*75 S£> 




+ Tlf,=0; 2(0.5445Wsin 48.19°)-W c = 0 

W c = 0.8121V 




~°-5445W 
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,* 6 _lrt4 The double lmk grìp is used to lift the beam. 
lt' the beam weighs 4 kN. detemûne thc• honzontaj and 
vertical components of force aUing on t t P> ‘ 
the horizontal and verucal components ot forcc 
Oanae of the beam exerts on the jaw at B. 


-X 

T~l. 

l l£ 

280 mm 1 

230 mnt' 


Free Body Diagram : Thc soluûon for this problcm will bc simplifïcd if 
onc realizcs that racmbcrs £f) and CD are two forcc mcrabcrs. 

Equations of Equilibrium : Using racthod of joint [FBD (a)], 

+ Tl^=0; 4-2Fsin45°»0 F= 2.828 kN 

From FBD (b), 

+ ÎLF r = 0; lB y -4 = 0 Bj = 2.00 lcN Ans 

Frora FBD (c). 

Ç+LV/, =0; B m (280)-2.00(280)-2.828cos 45°(120) 

-2.828sin 45°(160) =0 
B x =4.00lcN An, 

+ ÎL^=0; A,+2.828sin 45°-2.00 = 0 

= 0 Aiu 

^ZF x =0: 4.00+2.828cos45°-A, =0 

A x = 6.00 ItN Aiu 


c 

‘4icaJ 

4s'L/ 

\^4?* 

/ 

F 



S r=26Z3 k*J 

w 








> 

ÔX * 

ifaOmm 

2QO rn rr 


4W 

Zdomnr-^ I S'.ZôO" 


«5 
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6-105. The compound beam is fixed supported at C and 
supported by rockers at A and B. lf there are hinges (pins) 
at D and E, determine the components of reaction at the 
suooorts. Neglect the thickness of the beam. 


B D T E 


r T 6 ft— t4 ft-T4 ft-1—4-4 ft-f—~—8 ft - 
2 ft 2 ft 2 ft 


Equaiions of Equilibrium : From FBD (»), 

Ç+IM 0 = 0; (6) -900(2) = 0 E, = 300 Ib 

+ Î£F r =0; D y + 300 - 900 = 0 D y = 600 Ib 


UtF^O' D y -E,= 0 [1] 

From FBD (b), 

Ç+IM Á =0. B y ( 10) + 400(2) — 300(6) — 600( 14) = 0 

B y = 940 Ib Ans 

+ Î£í;=0; Af +940-400-300-600 = 0 

Aj = 360 lb Aiu 

-> ££ = 0; Z>, =0 

SubstituteD, = 0 into Eq.[ 1] yields £, =0 
From FBD (c), 

[+1M C = 0; 300( 10) + 65o(j? j(8) -M^ =0 

M c = 7800 lb ft = 7.80 ldp ft Ans 

+ ÎXF, =0; Cj -300-650^ j = 0 C;=9001b Ans 
-*I£=0; c;-65o(l) = 0 q,=250!b Ans 


Uft 4 ft 1 


Sooib ~ỳj*bocn b 


Uff 6 ft 


4/t T 4/r 


1 0 » 

&50lb 

« I / 


m 8h — 1' ^ 

< -V 

(C; t 
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6-106. Determine the horizontai and vertical 
components of force at pin 5 and the normal forcf the 
pm at C exerts on the smooth slot. Also, determine the 
moment and honzontal and vertical reactions of force at 
A. There ìs a pulley at E. 



C *50ft 


f--3 ft--J-3 ft - 


BCE: 


(. + XA4 0; ~ 50(6) _ Nc{5) + 5Q(8) = Q 


N c = 20 lb 


í, + 20<f) - 50 . 0 

B * = 34 lb Â n< 


+ ÎZ.F = 


* ° ; B y - 20(-) - 50 = 0 


B y = 62 lb 


-^=0; -4, - 20(- 4 ) + 50 = 0 


A x = 34 Ib 


+ Tze = 


' ° : + 20(|) = o 

Ay = 12 lb / 


UZA/, — 0; A/, + 20(f)(4) - 50(8) = 0 


^ 6 







i " ^ 

3f>H- 

p 

JL 

jî 

aÍÍJ'A* 


336 lb-ft Ans 
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6-107. The symmetric coil tong supports the coil which 
has a mass of 800 kg and center of mass at G. Determine 
the horizontal and vertical components of force the 
linkage exerts on plate DEIJH at points D and E. The 
coil exerts only vertical reactions at K and L. 


300 mm Q__ 


o°r 




r 


Frtt Body Diagram ;-The soluoon for Ihu problem wi]l be simplified if 
one realúes thas linlcs BDtnd CFtnthctMo foroe members 

Equations of Equilibrium From FBD (a), 

Ç+ ÏM l = 0; 7848(jr)-F r (2x) =0 F K = 3924 N 


Frora FBD (b), 

=0; E lD cos 45°(IOO) + /î D sin 4S°( 100)-3924(50) =0 
F, d = 1387.34 N 

-+ZF, =0; 4, - 1387.34cos45° = 0 4,=981N 

+ ÎZÇ=0; Ay - 3924- 1387.34sin 45° = 0 
Ay = 4905 N 

From FBD (C), 

ÇzM c = 0; 4905sín 45°(700) -981sin 45°(700) 

~F cr cos I5°(300) =0 

F cr = 6702.66 N 

^ZF,= 0; E, -981-6702.66cos30° = 0 

E, = 6785.67 N = 6.79 lcN Ans 

+ ^ZFy =0; Ey+ 6702.66sin 30° - 4905 = 0 

E, = 1553.67 N= 1.55 kN Ans 


At pornt D, 


D, = F BD cos 45° = 1387.34cos 45° = 981 N Ans 

D, =F so sin45°= 1387.34sin45° = 981N An« 


8oo(M0*7SfQ K 



(*> F l 





~00 fTìrr) 



ì 
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*6-108. It' a foree of 10 lb is applied to the grip of the 
clamp, determine the compressive force F that the wood 
block exerts on the clamp. 

0.75 in. 



From FBD (a) 

( +LW< = 0: F ™ c <» » ^(0.5) - 10(4.5) =0 F co = 256.32 lb 

+ ÎHF,=0; 256.32 sin 69.44° ~By =0 B, = 240Ib 

Frora FBD (b) 

^=0; 240(0.75) — F( 1.5) =0 F=1201b A» 
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6-109. If each of the three uniform !inks of the 
mechanism has a length L and vveìght W, determine the 
angle 8 for equilibrium.The spring, which always remains 
vertical, is unstretched when B = 0°. 





Free Body Diagram : Thí jpnjig jtretcha x = £jm 9. Then. the jpnng 


force is F lp = tr = — lm 9. 

Equaiions of Equilibrium : From FBD (b), 
Çr ÏM, =0; C, = 0 

-* ZF, = 0; B' = 0 

+ 'î'£f>=0; B t - q _ nr = o 
From FBD (a). 


C + - 0; C y (Lcos 9) - vví-. 


-cosd = 0 


Substmjn r; = _ mt0 Eq.fl]. w e h.vc 9, = From FBD ( 
f + TM =n. 


C + = 0; —sin 9^cos 9 j 



% _1_, ^ 

HiCtiò 1 Hicoì&' 



U (b) 


'i 3 W 


J-~(Lcos 9) =0 

Liìnô\ 




iïp’ 
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tìVMfliUsqçjeg^jit^ÌSiíteaaBlPtl^à weight of 7000 lb and 
center of gravity at G T . It is pin-connected to the cab at 
D. The cab has a weight of 6000 lb and center of gravity 
at G c . Determine the range of values x for the position 
of the 2000-lb load L so that when it is placed over the 
rear axle, no axle is subjected to more than 5500 Ib. The 
load has a center of gravity at G c . 


; 4I ‘vl ' ' |i< 




Case 1 : Assume Ay = 5500 lb 


I + IM R =0; 


-5500(13) + 6000(9) + £» (3) = 0 


+ ÎIF y =0; 


D v = 5833.33 lb 


B y - 6000 - 5833.33 + 5500 = 0 
B y = 6333.33 ib > 5500 lb (N.G!) 


Case 2 : Assume fl v = 5500 lb 


(, +IM a =0; 5500(13) - 6000(4) - D y (10) = 0 


>—| b,000tb 

/J 

U— 

L o=b" 

î! î 

Úil’ 

■Hi- m- 


+ ÎXÇ =0; 


A = 4750 Ib 


+ T LF y = 0; Ay - 6000 - 4750 + 5500 = 0 


A, = 5250 lb 

4750 - 7000 - 2000 + Ç, = 0 


7.P00U 


V>oott 


lîft |Jf* 


C, = 4250 lb < 5500 Ib (O.K!) 


l+ZA/n =0: 


-7000(13) - 2000(13 + 12 -jc) + 4250(25) = 0 


* = 17.4 ft 
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Case 3 : Assume C y 

= 5500 lb 

+ î IFy = 0; 

D y - 9000 + 5500 = 0 


D y = 3500 lb 

— 0; 

-3500(25) + 7000(12) + 2000(x) = 0 


* = 1.75 ft 

(,+ZM Á = 0; 

-6000(4) - 3500(10) + fl y (13) = 0 


B y = 4538.46 lb < 5500 lb (O. K!) 

+ ÎXF, =0; 

Ay - 6000 - 3500 + 4538.46 = 0 


\ = 4961.54 lb < 5500 Ib (O. K!) 

Thus, 

1.75 ft <; * < 17.4 ft Ans 


6-tll. The three pin-connected members shown in the 
lon view support a downward force of 60 lb at G.U on y 
vertical forces are supported at the connect.ons B, C. t 
and pad supports A. D. F. determine the react.ons at each 

pad. 

Equatioru of Equilibrium : Frora FBD (a), 

{+IM o = 0: 6O(8) + F c (6)-F,(10) = 0 [1] 

+ ÎEF,=0; F, + F d -F c - 60 = 0 (2) 

From FBD (b), 

£+XAÍ f = 0; /^(6) - /^.(10) =0 [3] 

+ ÎIF, =0; F c +F f -F e = 0 [4] 

From FBD (c), 

(+EAÍ,=0; F £ (10)-F,(6)=0 [5] 

+ ÎXF, =0; F A + F E - F, = 0 [6] 

Solving Eqs.[l]. [2], [3], (4], [5] and [6] yields, 

F £ = 36.73 Ib F c = 22.04 lb F s = 61.22 lb 

F 0 = 20.8 lb F f = 14.7 Ib F A = 24.5 lb Ans 


6/t 

F Fc 

tí) 


[' 4/t J íft 
Fc F 

C=) 


íft 14)6 




■ 4 ft —I m 6 fi 


F ' F * 

fR 
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*6-112. The aircraft-hangar door opens and closes 
slowly by means of a motor which draws in the cable AB. 
If the door is made in two sections (bifold) and each 
section has a uniform weight W and length L, determine 
the force in the cable as a function of the door’s position 
6. The sections are pin-connected at C and D and the 
bottom is attached to a roller that travels along the 
vertical track. 
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^^"«ft&Mp^gíght of 175 lb attempts to lift 
himself using one of the two methods shown. Determine 
the total force he must exert on bar AB in each case and 
the normal reaction he exerts on the platform at C. 
Neglect the weight of the platform. 





(a) 


Bar: 


T ZF y = 0; 2(F/2) - 2(87.5) 0 

F = 175 lb Ans 


Man: 


+ î 'LFy = 0; A C - 175 ~ 2( 87 - 5 ^ 0 

= 350 lb Ans 


(b) 


Bar : 


.'['ZF = 0: 2(43.75) — 2(F/2) 0 


L 


f 7. Sli 


F 

2- 


rr 



43.751<> 43-7514 

T î 


F = 87.5 lb 


Ans 


4 4 

4 4 


6 


Man: 


t zF y = 0; N c - 175 + 2(43.75) = 0 
Nr = 87.5 lb Ans 
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6-H4. A man having a weight of 175 Ib attempts to lift 
himse f usmg one of the two methods shown. Determine 
the total force he must exert on bar AB ì n each case and 

reaCtl0n he exerts on the Platform at C The 
platform has a weight of 30 lb. 


(a) 

Bar : 

+ T U\ = 0; 


to3.5U> 102.5 ib 



175M> 


2( F/2) - 102.5 - 102.5 = 0 
F = 205 lb Ans 




102.SU 


î 


102-5 U 


Man: 

+ î = 0; N c - 175 - 102.5 - 102.5 = 0 
N c = 380 lb Ans 


(b) 


Bar: 

+ î ZF y =0; 2( F/2) - 51.25 - 51.25 = 0 

F = 102 lb Ans 


Man: 



51.25 + 51.25 = 0 
lb Ans 


I7íM> 

1M ' 5 ^ 1 t°3.5U 



II 


Nc 


102.SU 

ò 

V + 

SÍ.25U 51.2SU 


51.25U 


S1.25U 


115X1. 
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6-115. The piston C moves verticaily betvveen the two 
smooth walls. If the spring has a stiffness of k = 15 ib/in 
and is unstretched when d = 0°, determine the couple M 
that must be applied to AB to hold the mechanìsm in 
equilibrium when 9 = 30°. 



+ Uf A =0; 27.97cos 40.53° (8) - M = 0 

M= 170.08 lb in = 14.2 lb ft Ans 


k = 15 Ib/in. 


Gtonttrj 


sin V sin30° 


M'» 19.47° 


8 12 

* = 180°-30° - 19.47= 130.53° 
r A ç 12 

srn 130.53°'sui 30° 'ac - 18.242 tn. 

Fret Body Diagram : The solution for this problcm will be simplified if 
one reabzes thai meniber CB is a two force member. Since the spring 
strctchesx = l AC -t AC = 20- 18.242 = 1.758 in.the spring force 
“ F „ = k* = 15( 1.758) = 26.37 lb. 

Equations of Equitibrium : Using thc method of joints [FBD (a)], 

+ T ZF r = 0; F ct cos 19.47° - 26.37 = 0 

E ct = 27.97 Ib 

From FBD (b), 


3>r[. Á-t „ V' 

4 

-f 




Ç p -ZÍ -57 ib 
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-116. The tvvo-member frame supports the loadinp 
shown. Oetermine the force of the roller at B on member 
"" u- and | the honzontal and vertical components of force 
which the pin at C exerts on member CB and the pin at 

/1 exerts on member AC. The roller does not contact 
member CB. 



Equajions of Equilibrium : From FBD (a), 

Ç+lMt =0; N c (4) -200(5) -500 = 0 N c = 375 lb 

F > “ 0; 6, = 0 Ans 

+ ÎIÇ=0; 375 - 200-A, =0 A, = 175 Ib Ans 

Frorr FBD (b), 

Ç+IM C = 0; 200(5)-200(1)-^(4)=0 



B, = 200 ib 

Ans 

^ F x = 0; 

200 - 200- C, = 0 C,=0 

Ans 

+ T ZF y = 0; 

Ç. - 200 = 0 q = 200 lb 

Ans 
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6-118. The mechanism is used to hide kitchen appliances 
under a cabinet by allowing the shelf to rotate downward. 
If the mixer weighs 10 lb, is centered on the shelf, and has 
a mass center at G, determìne the stretch ín the spríng 
necessary to hold the shelf in the equilibrium position 
shown. There is a similar mechanism on each side of the 
shelf, so that each mechanism supports 5 lb of the load. 
The springs each have a stiffness of k = 4 Ib/in. spring. 



ç| 30° 


(_ + IM F = 0; 5(4) - 2(F £o )(cos 30°) =0 j,' 

Fed = 11.547 lb 

+ 

~* ZF * =°: -F x + 11.547 cos30° = 0 

F x = 10.00 Ib 

+ ÎZF y =0; — 5 + F y — 11.547 sin30° = 0 

Fy = 10.77 lb 

Member FBA : 

1+ ™ A = ° : 10 -77(21cos30°) - 10(21 sin30°) - ^( s in60' 

F s = 17.5 lb 

F, = ks; 17.5 = 4x 

x = 4-38 in. Ans 



r _ 

v 

[_ 

L— 


1 







4 lr>. r. 

I w.T] \y 

iolb Fs 

' / \ X 


)( 6 ) = 0 
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w W§ _aci W i &í g a ^ îâ pQj. fi p. a u,ic jack is shown If the 
load on the jack is 2000 lb, determine the pressure acting 
on the fluid when the jack is in the position shown. All 
lettered points are pins. The piston at H has a cross- 
sectional area of A = 2 in 2 . tìint: First find the force F 
acting along link EH.'Yhe pressure in the fluid is p = F/A. 


2^ ^2i 


iir 


\í\ 3yin. 




{, + lMc - 0; ~ Fab (sin60°)(4) + 2000(2) = 0 


f ab = 1154.70 lb 




^ = 0; C-F. 


■x - +ab cos60° = o 


C x = 577.35 lb 


+ T LF y = 0; r + i 


154.70sin60° - 2000 = 0 


C y = 1000 lb 


C c /5TT0 >Ao 


.+IM d 0; F( 5) + 1000(30cos60°) + 577.35(30sin60°) = 0 


F = 6000 lb 


F 6000 


.ul. 


^ ~ ^ ~ 3000 psi 
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*6-120. "Detei.nine the required force P that must be 
applied at the blade of the pruning shears so that the 
blade exerts a normal force of 20 lb on the twig at E. 


0.75 in. 0.75 in. 


[ +IM d = o 

; —F(5.5) ~A X (0.5) f 20(1) 

5-5 P + 0.5 4 = 20 

+ ^LF y =0; 

+ 

l 

bs 

i 

i 

N> 

O 

II 

o 

-+ZF X =0; 

II 

> 

+LM b = 0; 

Ay (0.75) + 4(0.5) - 4.75. 

Az F x =0- 

~ ^CB ( ~j= ) = 0 

+ ?LF y =0; 

*y +P~F cb (^L) = o 
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6-122. Tne hydraufic crane is used to lift the 1400-lb 

load. Determine the force in the hydraulic cylinder AB 
and the force in links AC and AD vvhen the load is held 
in the position shown. 




1 +ZM ° = ° : '«(.in60»)(l, - f 

°* ~ 12 9 32.6J lb = 12.9 yp Anj 

+ TZF ’ = ° ; 12 9 32.65«in60° — sln70° = 0 

Fa. - J1 918.79 lb = i,.9 ^ 


>ct | 


=0; -ii 


6-123. The kinetic sculpture requires that each of the 
three pinned beams be in perfect balance at all times 
during its slow motion. If each member has a uniform 
weight of 2 lb/ft and length of 3 ft, determine the 
necessary counterweights W h W 2 , and W 3 which must be 
added to the ends of each member to keep the system in 
balance for any position. Neglect the size of the 
countenveights. 


-11 9 18.79cos70° + 12 932.6ÎCOS60- - F AD = 0 
F *“ = 2389.8J lb = 2.39 kip AnJ 



9 

— x 






ii 


' +ZM “ ~ 0: - 6<o.Jcose) = o 

B '. = 3 «> Ans 

+ ^"0 ; - 3 - g = o 

2Ç. = 9lb 

t = 0; H'jdcos^, - ôtO.Jcosp) _ 9(2c 

= 21 ■» A« 

+ ÎZ ^“° : 75,-21-6-9 = 0 


= 36 Ib 


[+IM C = 0; 



36( 2 cos 9 ) + JtO.Jcosp) _ ^ (l00if ) . 0 
*'’= 75 '« Ans 
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ww@i.l®ficin0ftgiie 1 îe^a S H6fef ( ïfa me is connected at its ends 
using ball-and-socket joints. Determine the x, y, z 
components of reaction at B and the tension in member 
£D. The force acting at D is F = {1351 + 200j - 180k} Ib. 



AC ia » two-force member. 

F = {1351 + 200j - 180k} lb 


IM, = 0; 


- 9 y3) + 180(3) = 0 


F de = 270 lb 


Ans 


Fíu 


JLF Z = 0; 


B t + -(270) - 180 = 0 


B = 0 


Ans 


ÏÍM,), = 0: 


- JL, j; c (3) -4=F AC ( 9) + 135(1) +200(3) 

/97 /97 


16.41 lb 


1F X = 0; 


135 - -(270) + B, - -y={ 16.41) = 0 
9 y97 


B. = - 30 lb 


Ans 


I F v = 0; 


S, - -p=(16.41) + 200 - 5(270) = 0 
7 y97 9 


S = - 13.3 lb 


Ans 
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6-125. The four-member “A" frame is supported at A 
and E by smooth collars and at G by a pin. All the other 
joints are ball-and-sockets. If the pin at G will fail when 
the resultant force there is 800 N, determine the largest 
vertieal force P that can be supported by the frame. Also, 
what are the x. y. z force components which member BD 
exerts on members EDC and ABC ? The collars at A 
and E and the pin at G only exert force components on 
the frame. 



P = -Pk 


ÏM, =0; - P().2) + 800 sin45’(0.6) = 0 

P = 471 N Ans 

B, + D , = 8(X) cos 45° 

B, = D, = 283 N Ans 

£t, + Dy = 800 sin 45° 

B v D y — 283 N Ans 

B. = D . : = 0 Ans 



P 
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jrT ,.™ e srrueture is subjected to the force of 450 lb 
Wh.ch hes in a plane parallel to the v-z p l an e Membér 
AB is supported by a ball-and-socket joint at A 
through a snug ho,e at 8. Membe, CD °"„p™ r t e 31®“ 

ít'and£ Determme ' h '*■ * tcomponenuolreaciio/ai 



8 ft 450 lb 


1M X = 0; 


M Cx = 0 Ans 


1F X = 0 ; 


ZF y = 0 ; 


ZF z = 0 ; 


C r = 0 Ans 


•450(^) + F ba (-j =) +C y =0 


C z + f ba(-J=) ~ 450(^) = 0 




C ì 


1M V = 0 ; 


ZiV/, = 0; 


450C)(6) - F BA (-^=)( 4) = 0 
5 V 73 


M c , + F iA (-^=)(4) - 450C)(6) = 0 

V 73 5 


F ba = 1.538 kip= 1.54 kip Ans 


C z = -0.18 kip 


C y = -1.17 kip 


M Cz = —4.14 kip ft 


A r = 0 


A^, = 1.538(-==:) = 1.44 kip Ans 
,/73 


A, = 1.538(-==r) = 0.540 kip Ans 
/73 
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on member ABC of the four-member frame. 
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6-129. The mechanism consists of identical meshed 
gears A and B and arms which are fixed to the gears.The 
spring attached to the ends of the arms has an unstretched 
length of 100 mm and a stiffness of k = 250 N/m. If a 
torque of M = 6 N • m is applied to gear A, determine 
the angle 6 through which each arm rotates.The gears are 
each pinned to fixed supports at their centers. 




!. +Z M a = 0; 


^+1M b = 0 ; 


~F( 0-05) - />(O.15cos0) +6 = 0 
P(0A5cos6 ) - F(0.05) = 0 
ZPíO.lScos Q) = 6 

2(2)(25O)(O.15sin0)(O.15cose) = 6 



sin20 = 0.5333 


9 = 16 . 1 ° 
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6-131. The spring has an unstretched length of 0.3 m. 
Determine the angle 6 for equilibrium if the uniform lìnks 
each have a mass of 5 kg. 




*• +IM C - 0; -(480 sin 6 - 120)(0.6 cos 6) + £,(0.7 sin0) + 5(9.81)(0.35 cos0) = 0 


= 0 ; 


E, = 411.4 cos 6 - 127.4 cot0 


5(9.81)(2)(0.35 cos0) + (411.4cos0 - 127.4 cot0)(2)(O.7sin0) = 



semu 




♦6-132. The spring has an unstretched length of 0.3 m. 
Determine the mass m of each uniform link if the angle 
8 = 20° for equilibríum. 




www.usacingenieria.blogspot.com 
6- i. ( . Determine the horizontal and vertical components 
ot force that the pins A and B exert on the two-member 
frame. Set F = 0. 

CB ■ a two - foree monber 
Mereber 4C: 

(+ZK =0; - 600 (0.75) ♦ 1.5 (F c , lin 75») . 0 

fic§ * 310.6 


B ’ = By = 310.6 — > 220N Aa 


■ìoon/^mA 



>0; -A, + 600 3io 60» - 310.6cot45° > 0 

\ * 300 N Ana 

♦ÎIÇ-O, A, - 600cos60° ♦ 310.6Jin45° - 0 




A, > 80.4 N Aa 


6-1 '4. Determine the horizontal and vertical components 
of forec that pins A and B exert on the two-member frame. 
Set F = 500 N. 


(*LM t «0; -600 (0.75) - C, (1 J coi 60°) + C; (1.5 jin 60°) > 0 

Member CB : 


(jrw, . o. -c, (i) - q (i) + 500(1) >o 


C, » 402.6 N 


C, = ?7.4N 




MembeMC: 


-* Sl» = 0: - 4, + 600 sm 60° - 402.6 - 0 


A. « 117 N An 


■ÎLF, = 0; A, - 600coj 60° - 97.4 « 0 


4, « 397 N Au 


->ZF, = 0; 402.6 - 500 + B, > 0 


B m 3 97.4 N Ans 


•v. l m — — ——J 

_zn 



»0; -B, + 97.4« 0 


B, * 97.4 N Aaa 
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fi «« yhe two-bar mechanism consists of a lever arm 
ifa'nd^moÏh linh CD, which has a fixed col.ar at .ts 
end C and a roller at the other end D. Det ® rmme ^ 
force P needed to hold the lever m the P os, lon 0 . 1 ' 
spring has a stiffness k and unstretched length 2L.The 
roller contacts either the top or bottom port.on of 
horizontal guide. 



Fr „ Bo4j Dimgrmm : Thespnn*comprcsses x‘2L g Then, 

ihe sprrng force developed is F„ - kx - ‘(-(î - —§)• 

Equalions of EqmUibrium . From FBD (»), 


.iLfa -—) 

sin 6V $ a'OJ 


+ EM„ = 0; 


From FBD (b). 


PW-^ê( 2 -Ìê) (t “ ie) = 0 


p - —-- (2 - csc 0) An* 

2tan 0sin 6 






p / ' \ 
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*6-136. Determine the force in each member of the truss 

and state if the members are in tension or compression. 



388 
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6-137. Determine the force in members AB, AD, and 
AC of the space truss and state if the members are in 
tension or compression. 


Method of Joints : In this c&se the support reactions are nol fequired for 
determining the membcr forces. 



F = j -600k} Ib 


^=0; F ÁI 


( 2 ì 

ZF =0; -600 =0 

[sftà) 

F ad = 2473.86 lb (T) = 2.47 k 

(7^25)" F4, (7ÌÌ)“ 


F áD = 2473.86 lb (T) = 2.47 kip (T) Ans 




jssj W«3J “73J 

0.9829/r c + 0.9829Ç , = 2400 [ 2] 


Solvuig Eqs. [1] and [2] yields 


F*C “ F Á , = 1220.91 Ib (C) = 1.22 kip (C) Am 
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The column is fixed to the floor and is subjected to 
the loads shown. Determine the internal normal force, 
shear force, and moment at points A and B. 

Free boáj Diagram : The support reacòon need not be compuied ìn 




lnternal Forces : Applying equanons of equilibrium to the lop segment 
secboned through point A, we have / 5 0 /mv 


+ Tl^=0; N t - 6-6 = 0 = 12.0 kN Ans 

C'+I« < =0; 6(0.15) -6(0.15) -M Á = 0 =0 Ans 

Applying equaûons of equilibrium 10 dSe lop segment sectioned through 
point B, we have 



6kN 
150 mm 



+ ÎIF, =0; N B -6-6-8 = 0 N a = 20.0 kN Ans 

+ IM B =0; 6(0.15) -6(0.15) -8(0.15)+ M a =0 

M Ê = 1.20 kN • m Ana 


7-2. The rod is subjected to the forces shown. Determine 
the internai normal force at points A, B, and C. 


Free body Diagram : The support reacòon need not be computed 


Internal Forees : Applying equations of equilibríura to the top segment 
secûoned through point A, we have 

+ ÎZF y = 0; N a -550 = 0 N A = 550 lb Ans 

Applying equahons of equilibriura to the top segraent secóoned ihrough 
poim B, we have 

+ ÎIF ? =0; Ng -550+ 150+ 150 = 0 

N b = 250 lb Ans 

Applying equadons of equilibríum to the top segraent sectioned through 
point C, we have 


55o ik 550 <b 5501b 


150lk J Lt50 ib 


150 Ib , A 150 Ib 


350 Ib. i , 550 Ib 


+ ÎIf; =0; N,-550+150+150- 350-350 = 0 
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7-3. The forces act on the shaft shown. Determine the 
internal normal force at points A, B, and C. 


Inltrnal Forcts : Apptying the equuion of equilibrium lo the left segmem 
secooned through point A, we h«ve 

=0; N t - 5 = 0 N t = 5.00 lcN Ans 

Applying the equation of equilibrium to the right segment secúoned through 
poutt B, we have 


—>I/ì=0; 4 —N c = 0 N c = 4.00 kN Ans 

Applying the equahon of equilibrium to the right segment sectioned through 
point C, we have 

->5^=0; N a +4-7 = 0 N, = 3.00 kN Ans 


7; 4 n' P!l sh ® ft is su Pf orted by the two smooth bearings 
A and B. The four pulleys attached to the shaft are used 
to transmit power to adjacent machinery. If the torques 
applted to the pulleys are as shown, determine the 
internal torques at points C, D, and E. 


Internal Forces : Applying the eqtution of equilibriura to the left segmem 
sectioned through point C, we have 

.2«,=0; 40-r c = 0 r c =40.01b ft Ans 

Applyutg the equabon of equiiibnum to the left segment secnoncd tluough 
point D, we have ° 





4£'b'K Tc 


=°; 40+15-T d = 0 T d = J5.0 Ib ft Ans 

Applyuig the equation of equilibriura to the right segment secnoned through 
pouii E, we have 


4oib.it 

I5ib-it Tp 


TM,=0: 10-r £ = 0 r £ =l0.0lbft 



10 
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7-5. The shaft is supported by a journa! bearing at A 
and a thrust bearing at B. Determine the normal force, 
shear force, and moment at a section passing through (a) 



393 
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7-6. Determine the internal normal force and shear 
force, and the bending moment in the beam at points C 
and D. Assume the support at B is a roller. Point C is 
located just to the right of the 8-kip load. 



Suppon Rtactions : FBD (»). 


S<‘P 
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<X^a^.u^eirtg®oiiiewtìS3h®ûl3Ffaîlcanehe maximum rntemal 
moment at D reaches 800 N • m or the normal force in 
member BC becomes 1500 N. Determine the largest load w 
it can support. 


Assume maximum moment occurs at D; 
l ‘- = 0; M 0 - 4w(2) - o 



800 = 4w(2) 


w = 100 N/m 




(.+£*<, =0; -800(4) + T, c ( 0, 



—suu(4) + r <c (0.6)(8) = 0 

T,c = 666.7 N < 1500 N (O.K!) 


•f = 100 N/m 


Determine the shear force and moment acting at 
a section passing through point C in the beam. 



( + LM, = 0; -A,(18) +27(6) = 0 


-*ZF X = 0; 


A, = 9 kip 




l +TMc = 0; 


-9(6) + 3(2) + M c = 0 


Mç = 48 Idp.ft Ans 


+ T TF y =0; 9-3 - V c = 0 


V c = 6 kip Ans 


3kif 

1k 
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7-12. The boom DFoí tne jib crane and the column 

DE have a uniform weight of 50 Ib/ft. If the hoist and 

load weigh 300 lb, determine the normal force, shear - q- m 

force, and moment in the crane at sections passmg 1 ’ * ~ ° Ans 

through points A, B, and C. „ „ 

+ =0; V A - 450 = 0; V^ = 450 ib 

D 


H» A i.S 



’■ +ZM * = 0; 150(1.5) - 300(3) = 0; m a = 1125 Ib ft Ans 

~ +ZF > = 0; ^” 0 Ans “ e ^ S.St4^° U 

+ ÎL/ V =0; v » - 550 -300= 0; V„ = 850 Ib Ans ^ 15«oU 

1. +IM, = 0; M, 550(5.5) - 300(11) = 0; M, = 6325 Ib ft Ans 

♦ .í ron 

-»zí-o ; v c = o Ans C.i4tJU- 

+ Tï^-0; N c - 650 - 300 - 250 = 0; Af c = 1200 Ib Ans I 2S,,t * 

«Jr* 3 ~ u 

( + LM C = 0; M c - 650(6.5) - 300(13) = 0; M c = 8125 Ib ft Ans r d. 


7-«13. Determine the internal normal force, shear force, 
ind moment acting at point C and at point D, which is 
ocated just to the right of the roller support at B. 

Support Reactions : From FBD (t), 

r+EM, =0; flj (8) + 800(2) -2400(4) -800( 10) = 0 
fl. = 2000 lb 


Internal Forces : Applying the equstions of equilibrium to segment ED 
(FBD (b)|, we htve 

I» ZF, = 0 ; N a = 0 An* 

+ T ZF y = 0; V D - 800 = 0 V o = 8001b An* 

Ç+EM o = 0; - M„- 800(2) = 0 

M d = -1600 lb • fl = — 1.60 Icip - ft An» 

Applying the equadons of equilibrium to segment EC (FBD (c)] . we h»ve 

1+ZF,=0; N c =0 Ans 

+ t ZF y = 0; V c +2000-1200- 800 = 0 V c =0 Ans 

Q-IM c =0; 2000(4)-1200(2)- 800(6) -A^=0 

M c = 800 Ib • ft An* 


— 4 ft 4--4 ft —— 4 ft-...-4 f t _ 

200U) *0ofiií ioc(B)-2Aooib - 

j I 2oo(4)*8ooib 


^tj +/( l 4/c 'p/tl 

& B 1 

ZOO(A)--8oo\i 

/Af I tp \— I —i 

ct> 

300(i)-l2ûû>b 

. ZOOÍ4)=800ÌÍ 

Mc v ç,rf--vJ- n 


1— 

H 1 

—1 

:—1_: 

z—i 

« i 


;_j 

_J 


iÂl 



3) *Z£oo /í 
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7-16. The strongback or lìfting beam is used for 

materials handling. If the suspended load has a weight of 
2 kN and a center of gravity of G, determine the 
placement d of the padeyes on the top of the beam so 
that there is no moment developed within the length AB 
of the beam. The lifting bridle has two legs that are 
positioned at 45°, as shown. 


0.2 mT~ f 
0.2 m J : 



Support Reactions : From FBD (a), 

Ç+ÏM £ = 0; f>(6) -2(3) = 0 /ì = 1.00kN 

+ Tl/J=0; />+1.00-2 = 0 /> = 1.00 kN 

From FBD (b), 



fcc Fêo 


♦ 

/ kc c ° s 45°-/> c cos45° = 0 F. c =F. r = F 
+ Tï/r=0; 2Fsin 45°— 1.00— 1.00 = 0 

F *c = F tc = F= 1.414 lcN 

Internal Force, : nús problon roquiros M„ = 0. Surommg morocnB about 
pomt H of segment £//[FBD (c)], wc have 

f+î« w = 0; 1.00(</+x)-1.414sin45°U) 

~1.414cos45°(0.2) =0 

4 = 0.200 m Amt 


Fac* 1414 laj 




r* 

F £ --/okh C cj 
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7-17. Determine the normal force, shear force and 
rtMsytffetíhaetn^SM'^saf^flfl^through point c. 


700 Ib 


i. +1M. = 0; 



*'lF y = 0; 


t +1M C = 0; 


-800 (3) - 700(6 cos30°) - 600 cos30»(6 cos30“ + 3cos30°) 
+ 600sin30«(3 sin30°) + a y (6cos30° + 6 cos30«) = 0 

B, = 927.4 lb 

800 sin30° - 600 sin30°- A x = 0 


A x = 100 lb î 

A y - 800 cos30° - 700 - 600cos30° + 927.4 = 0 
A y = 985.1 lb 

N c - 100cos30° + 985.1sin30° = 0 
N c = -406 lb Ans 

100 sin30° + 985.1cos30°- V c = 0 
Vc = 903 ib Ans 

-985.1(1.500830°) - 100(1.5 sin30°)+ M c = 0 
M c = 1355 Ib-ft = 1.35 lcip-ft Ans 





lOOifc 

î 

3SS.1U 


7-18. Determine the normal force, shear force, and 
moment acting at a section passing through point D. 


7(K)lh 



-800(3) - 700(6 cos30°) - 600 cos30°(6 cos30° + 3cos30°) 
+ 600sìn30°(3 sìn30°) + D,(6cos30° + 6 cos30°) = 0 


-*ZF X = 0; 


+ = 0 ; 


+\ZF X = 0; 


B, = 927.4 lb 

800 sin30° - 600 sin30°- A x = 0 
A, = 100 lb 

-4,- 800 cos30° - 700 - 600cos30° + 927.4 = 0 
Ay = 985.1 Ib 
N d + 927.4sin30° = 0 


Tcoi* 

<ooU 



'+ZF, > 0 ; 


ty + ZM D = 0 ; 


N d = -464 Ib 


Ans 


Vo ~ 600 + 927.4 cos30°= 0 


y D - -203 Ib 


Ans 


m d 600 ( 1 ) + 927.4(4 cos 30°) = 0 
M o = 2612 lb-ft = 2.61 kip ft A 
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[+IM, 


7-19. Determine the 

m<ywfé'«t u ifTgiá e o r ^- 

P = 8 kN. 


BPo r ®l)t f 86 l rf!' shear íorce, and 
passing through point C. Take 



»7-20. The cable will fail when subjected to a tension of 
2 kN. Determine the largest vertical load P the frame will 
support and calculate the internal normal force, shear 
force, and moment at a section passing through point C 
for this loading. 



Auç = 0; 
+ T =0; 

-+ï F, = 0; 

+ Tr^ =0: 


1 +r M c = 0; 


0 ; 


-T(0.6) + 8(2.25) = 0 
T = 30 kN 


T 


A, = 30 kN 
Ay = 8 kN 



-N c - 30 = 0 


"c = "30 kN Ans 



M c = 0.400 ItN-m 


Ans 
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• KH.icrmine nieinternal normal force, shear force, 
uid bcnding moment ìn the beam at poìnl B. 


1(6 kip/ft 


Frte body Diagram : The suppon 


roetions a lA necd not be computed. 


Internal Farces : Applymg the ajuaaons of equilibhum 
wc havc 


toscgmcnt CB, 


->ZF, =0: Af, = 0 

* Ans 

+ ÎZF r=°- V s -28.8 = 0 = 28.8 lcip Ans 

f+XM s = 0; -28.8(4)-«, = 0 

M, =-U5ldpft Aiu 


e,ji 


(4$o)0l)cZ6-$ 



4h î 3 k 


7-22. Determine the ratio of a/b for vvhich the shear 
force will be zero at the midpoint C of the beam. 


Support Reaetions : Frora FBD (a). 

Ç+ZM,=0-. 2 (2a+6 >"[j(*-‘û]-A,(ò)*o 

A ’"Ìb {2 * +b h b ~a) 

Internal Force, : Thts problem requires V =n e • 
vcmcally [FBD (b)J, we have Summmg forccs 



- b/2 + b/ 2 -* 


■t(zatb)yí x 

iCzbto.) t/ /-T)(b-CL) 


+ TZF y = 0 ; 1 


«“"‘"‘•'i-tX;)- 


6b (2a +b)(b-a) = l (2a+b) 
a 1 


ïfa&Or) 


'I 


I ^ 

^f^(2ath)(b-a.) 
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a 7 nd 3 h,nH Ctermme ' he Ìmerna ' n0rmal force ' ^ear force, 
and bending moment at point C. 


Fr„ bod, Diagram : The 5U pport reacéons at A need no. be compaad. 
'nternai Forcos : Applying equatìons of equiiibriom .o segment BC, we 



^+ZF X = 0 ; 

+ T =0; 

Ç+ZM c = 0; 


-40co S 60«4w c = 0 = 20.0 lcN An., 

V c - 24.0 -12.0- 40sin 60° = 0 

V c = ™.6iN Ans 

- 24.0(1.5) - 12.0(4) - 40sin 60"(6.3) -M c = 0 
M c = -302 kN m An , 



DF 4 usi^^íe AB ÌS USEd '° s,rai g hte " Ihe bem 
US,n 8 the arrangement shown. If the 

compress.ve force jn the Jack js 500() , b de(ermj| 

internal moment developed at point C of the top 
Neglect the weight of the beams. P 


Scgracm ; 

=0; bdc r 2300(10) - 0 

"c = -25.0 lup ft Ani 



Z'íoo lb 5ÌJoo/b J-roolí 



1 
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7-25. Solve Prob. 7-24 assuming that each beam has a 
uniform weight of 150 lb/ft. 


iÇo[l4)~ SiOOlt 


♦ TI F, = 0; 5000 - 3600 - 2 * - 0 


R = 700 Ib 



(+TMc = 0; Uc + 700 (10) + 1800(6) » C 
Uc = —17.8 kip ft Ani 


^ ffoooll» 


iSoaií 


io ft— , 2f L 

M 





7-26. Determine the normat force, shear force and 

rand n £ ln pomt b r m at SeCt '° nS P3SSÌng throu 8 h Points 
U and E. Pomt E is just to the right of the 3-kip load. 


(. +EMb = Û! 2"Ct-5)( 12)(4) -Ay(l2) =0 

4, =3kip 


jíU/n.tf 



-+Z£=0; B x =0 

+ ÎZ/r =0; B,+l-j(l.5)(n) = 0 

B y =6 kip 


+ ÎI£=0; 3-J-(0.75)(6)-Vi = 0 

V D = 0.75 lcip Ai 

(^-+£«0 = 0; M d + j(0.75)(6)(2) - 3(6) = 0 
M d = 13.5 kip fî An 




ì K'f> 

..Uc 


->LÇ=0; N f =0 


bÎLF=0; -Vp- 3- 6 = 0 


= -9 kip 

LA/ £ =0; Aí £ + 6(4)=0 




M e = -24.0 kip ft 
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<. + £M a = 0; 

400 N/m 

200 N/m 


-+I7; = 0; 



t-ÍZF =0; 


-+I7? = 0; 
+ TZ^ = 0 ; 


l+S« D = 0: 


-1200(3) - 600(4) + l^ c(6) . o 
f bc = 2600 N 


A ‘ = J5< 26 °0) = 2400 N 


■4, - 1200 - 600 + -1(2600) = 0 

2,401 

Ay = 800 N 

lV c = 2400 N = 2.40 kN 
800-600 - 150 - V D = o 

V D = 50 N 

-800(3) + 6000.5) + ,50 (1) + M D = 0 

44 = 1350 N m = 1.35 kN m 




‘ < ~f == îr == 1'^ 


=SSL~s“.ft“ 

>t a . ci* Pin p a rïï L moo,h siot in 


350 Ib-ft 


£ fl^ 


2ft 1 ft' J ' 2ft f*~ 3ft -W-2ft^.-4 ft- 


Ì.+XM, = 0; 


- 120(2) - 500 sin60°(3) + q {5) = 0 
= 307.8 lb 


a = s -__í__J ^ = <* - 500 cos60° = 0 


L ÏXK = 0 ; 


-+2^ = 0; 


► T ZF = 0; 


= 0 ; 

+ Î2A, = 0; 


B x = 250 lb 

By - 120 - 500 Sin60° + 307.8= 0 
fi , = 245.2 Ib 

~ N e ~ 250 = 0 ' E 

^£ = -250 lb 

A 

V E = 245 Ib 


»V * 


“«• ,íc 


3ft 


2» I 


l+£34-0 ; -At - 245.2(2) = 0 


= -490 lb-ft 


-307.8- V f = 0 
l£ = -308 Ib 


i « 


(.+ZM f = 0: 307.8(4) + A/ f = 0 


= -1231 ib-ft = _|.23 idp ft 


405 


r~»~ 
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7-3«. Determine the normal foree, shear force, and mo- 
ment acting at sections passing through points B and C 
on the curved rod. 

/+ £f . =«: 400 sin 3tï c - 300cos30 J + N s =0 

A' tì = 59.8 lb Ans 

+ \ £ r y = 0; V„ + 4(K)cos 30° + 300 sín 3(f = 0 

V'n — —496 Ib Ans 

^+ÏM» = 0; M b + 400(2 sin 30°) 

+ 300(2 - 2 cos 30°) = 0 
M„ = -480 lb-ft Ans 

Also, 

^ + ZM a = 0; - 59.81(2) + 300(2) + M B = 0 

= -480 lb-ft Ans 

4r+, =0; A, — 400 lb 
+ î EF, =0; .4, = 300 Ib 

l + ÏM^O; M a - 300(4) = 0 
M a = 1200 Ib iì 

+ \ E F, = 0; N c + 400 sin 45° + 300 eos 45° = 0 

‘V< = -495 Ib Ans 


7-31. The cantilevered rack is used to support each end 
of a stnooth pipe that has a totaJ weight of 300 Ib. Deter- 
mine the nonnal force, sheitr force, and moment that act 
m the arm at its fìxed support A along a vertical section. 


Pipe: 

+ t Z F, = 0; ,v 8 cos 30 ’ - 150 = 0 

(V„ = 173.205 Ib 

Rack: 

-rXF, =0; - N a + 173.205sin30° =0 

— 86.6 Ib Ans 

+ t^v=0; V A - ] 73.205 cos 3() : ' = () 

V.\ = 150 ib Ans 

^ + E M a = 0; M a - I73.205Í 10.3923) = 0 

M,\ = 1800 Ib in. Ans 





\2 ft 


{ 4(K) ib 
300 Ib 


300 Ib 


400 Ib 


2 f / 

0 /A im 


’f’ 

m ih ^ 


300 Ib 


N C M, 

V 


2 ft 


-400 Ib 


1.21X1 Ib.ft 

300 Ib 


/ + £/ ', = 0 ; V t -400cos45° + 300sin45" = 0 

Vc = 70.7 Ib Ans 

^ + XM (: =0; - M c - 1200 - 400(2sin45") 

+ 300(2 - 2008 45°) = 0 
M c = —1590 lb-fi = -1.59 kip ft Ans 

Also, 

4" + £ 3/ 0 = 0; 495.0(2) + 300(2) + M c = 0 

M c = -1590 ll>-fl = -1.59 kip fl Ans 



150 Ib 



6in. j3o° ' 3 in. 

1 + 9 / 0 ) 5 . 30 ° = 10 . 392.3 in. 
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and h,n?' Srmine ' he ' mernal n0rma ' f0rce ' shear force, 
and bendmg moment m the beam at points D and E. Point 

£ is just to the right of the 4-kip load. Assume A is a roller 

support, the sphce at B is a pin, and C is a fixed support 


Suppon Htactiont : Support rtactionj u C need not be compuied for 
this casc. From FBD (a). 

C +ZM ’ =0; 6.00(6) -A, (12) = 0 A, = 3.00 kN 

+ T2f)=0; B, +3.00 - 6.00 = 0 B, =3.00kN 
-* = 0 B, = 0 

f«nr 0rC " ■' APP ‘ ymg the °f «quilibriun, o segmcnt AD 

IrBD (b)J, we have 

^ =0: "o=° 

+ Tl^=0; 3.00 - 3.00- =0 P o = 0 A « 

Ç+I*i D =0; M b - 3.00(3) =0 «„ = 9.00kN m Ans 

Applying the equanons of equilibrium lo jegment BE (FBD (c)] , we have 

4lF ‘ =0: N[s0 Aiu 

+ T = 0; -3.00-4-V f = 0 V £ = -7.00kN An. 

("+1*^ = 0; M e + 3.00(4) = 0 Af £ = -t2.0kNm Ans 


0.5 kíp/ft 


ïïtt; 

' r r '■ v V 

i 

L.. ... • .kn 

U íB 

i 

o 

1 

■-6 ft-T. 4 


OÍÓ2ò-éç>£jf> 


I + é/t •] 

A J (*> B f 

0 5(í)-i 0 KJp 

r~r~ii «. 


’rfp (b) 


p iTW\v p 

Ay+3 o tcjp 

Bỳò otEp 4Mf> 
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7-34. Determine the internal normal force, shear force, 
and bending moment at points E and F of the frame. 



Suppon Rtacíioni : Membcn HD and HG are two foroc mcmbrrs 
Using mcthod of jotm [FBD (»)], wc h«ve 

->LF t =0 F hc o)s 26.57° - F HD cos 26.57° = 0 
Fhd - F hc = F 
+ t XF f = 0; 2ftin 26.57° - 800 = 0 

F, id ■ F hg = 894.43 N 

From FBD (b), 

C+XAf, =0; C„ (2cos 26.57°) + Ç (2sin 26.57°) -894.43(1) = 0 [1] 

From FBD (c), 

Ç-£-K,= 0 ; 894.43(l)-C,(2cos26.57°) + q.(2sin26.57°)=0 [ 2 ] 

Solving Eqs.[2] and [2] yields, 

Ç. = 0 C, = 500 N 

Inltrnal Farcts : Applying thc cquaûons of cquilibriura to segraem DE 
[FBD (d)], we have 


+ ZF X . = 0; V E = 0 

+ lF r .=0; 894.43= 0 N e = 894 N 

Ç+ZM e = 0; M e = 0 


Ans 

Ans 

Ans 


Applytng the equanons of equilibriuro to segraent CF[FBD (e)] , we havc 

+/!/)• = 0; Vf + 500cos 26.57°-894.43 = 0 

V E = 447 N Ans 

\ + lF , = 0; N F - 50Csin 26.57° = 0 Af, = 224 N Ans 

Ç+LM e = 0; M F + 894.43(0.5) -500cos 26.Î7°(1.5) = 0 

M r = 224 N • ra Ans 




ZCfiZí.f/ 
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7-35. Determine the distance a as a fraction of the 
beam’s length L for locating the roller support so that 
the moment in the beam at B is zero. 


P P 



^ + ZM. , = 0; - P ( y - u ) + C y (L - (i) + Pa - 0 

c = 2 P (t~”) 

L — a 

■í +EM = °; m = 

2f,L (" -)-° 

L 

a ~ -- Ans 


P 


P 
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7-41. Determine the x, y, z components of force and 
moment at point C in the pipe assembly. Neglect the vveight 
of the pipe. Take F, = (350i-400j) Ib and F 2 =» 
(-3O0j+ 150k) Ib. 
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w'T,e™' 0 nL a " d m ™“' d »*™''» .1« 
600 ,b.V- 5 ÍT- 1 ,î (t) r - 


+ î ÎF, = 0; -LL - V » 0 

a * b 


v Pb 
V * —-r Ans 
a + b 


(+ZM.0-, M-J± x 


a + b 


M = 


P6 
a + b 


x Ans 


♦ÎI^ « 0; -LL _ /> _ 

d f 6 


V'a - 


Pa 


V= 0 


Ans 


(+ZM » 0 ; -JLL x+ pç 


M " Pa ~~b X Ans 
a + b 


(b) For/» » «SOOlb. a » íft.* » 7ft 






M 





m (ii4*) 


•"' w (7ro 


•iso 


*(f+ï 




- b - 


câSlevered W b í ea e m Shear ^ m ° men ' d,agrams for '■« 

.-ft 


.'io.IW.ft 


it==ÈSì* 

wic— t ~4- 


For 0 S x < 5 ft: 

♦ÎIF, »0; 100-F-0; V»100 An. 

^ZAí.O; Af- IOQx+ ISOO » 0; « » lOOx - ISOO An. 

For 5<xS 10ft: 

+ Tif, -0; ÌOO-V-O; V » 100 Au 

(ZM -0; M- 10Qx+ 1000 » 0; M. lOOx - 1000 Aoi 



X(l« 


vzzzmzm 
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/-44. The suspender bar supports the 600-lb engine. 
Oraw the shear and moment diagrams for the bar. 


For OSx< 1.5 ft; 

+ î 1F, > 0: - 300 - V * o 

V = - 300 Ans 
Ç+ZM = 0; M + 300x» 0 




M - - 300 x Ans 

V(a) 


For 1.5 ft< xS 3 ft; 

3oo 

m 

+ î = ( 

>: 600 - 300 - V = o 

V » 300 Ans 




oo 

(+ZM = 0; 

M + 300x - 600 (x - 1.5) ■ o 

w ivm . 

-4ço 


» 300x -900 Aiu 
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7-47. The shaft is supported by a thrast bearing at A and 
a journal bearing at B. lf L — 10 ft the shaft will fail when 
the maximum moment is M max = 5 kip-ft. Detennine the 
largest uniform distributed load w the shaft will support. 


vv 



U' 

V = -(L-Zt) 


f + ZM=0; ~^-x+wx^) + M = 0 

wL vj.r 2 

M — — (tr -x 2 ) 

From the moment Uiagram 
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7-50. Dravv the shear and moment diagrams for the beatn. 


Support Rtactions : From FBD (a), 

C-^=o; = o Cf= t± 

A ,+ t ±-^ =0 ^ 

8 2 t 8 

Sht'tr and Montenl Function, : For 0 £ * < ~ (FBD (b)( 


+ Tl^=0; ~-V = 0 V-~ 

8 8 

Ç+ÏM = 0; M-^ (x) = o M = ^ x 
8 8 

c L 

For — <x SL (FBD(c)), 


+ Tz/ > =0; V+~-» ( L- x) =o 

V = j(54-ÍU) 

— ( L- X )- w(L - x) (___y M=0 

M= j{~L 2 + 5Lx-4x 2 ) 


[ + ZM = 0 ; 
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7-53. Draw the shear and bending-moment diagrams for 
each of the two segments of the compound beam. 

Support Reaetioiu : From FBD (â). 

Ç+lMn = 0; B t (12)- 2100(7) = 0 B, = 1225 Ib 
+ Î2/J =0; A,+ 1225 - 2100 = 0 /t, = 875 Ib 

From FBD (b), 

£+IM d =0; 1225(6) -Ç (8) =0 q= 918.75 Ib 

+ ÎSÇ=0; D r +918.75- 1225 = 0 D, = 306.25 lb 

Shear and Moment Functiom : Member/tfi. 

For 0 Sx < 12 ft (FBD (c)J. 

+ ÎZ7ŷ=0; 875- 15ûr- V = 0 


îj*-\natstAïf 

ç Wm 


[--10 ft — 

ICúUp 


—iU 

-L —..—--—4 ft - 

1 fí -> f. 


I 7* T ~Sft 'p+tl 
V ICL) 5 } 


n ih ~ i*jt 


For 12 ft<xS14 ft(FBD(d)) 


= [875- 15Qi) lb 

Ans 

I50X. 

I 


:g)-875x = 0 


pizqf 

/ 

= (875x-75.ax 2 ) Ib ft 

Ans 


D). 

3( 14-x) = 0 
= {2100-I50r} lb 

Ans 

^875/5 CQ 

I50O4-X) 

l -*)(^p)-A/ = o 
= [-75.0x 2 + 210Qr- 14700) lb-ft 

Ans 


Z /rf-j 

14-x 


For member CBD, 0 Sx < 2 ft (FBD (e)), 

+ îïf,=0; 918.75- V = 0 V = 9l91b Ans 

^+IAf = 0; 918.75x-Af = 0 Af = (919x) Ib ft Ans 

For 2 ft < x S 8 ft [FBD (f)], 

+ ÎIF, =0; V+ 306.25 = 0 V = 3061b Ans 

+ IM = 0; 306.25(8-x) -Af = 0 

Aí= [2450-306x) lb ft Ans 

V(ií>; 

9/S7SI —1 


I ms 


r 

9/8-75 lk 


(J) * 





ô-x] 

■Py 3ob 15 ih 


M(ltft) 


°\ * & 
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7-55. Dravv the shear and moment diagrams for the 
compound heam.The beam is pin-connected at E and F. 



Support RtactioH3 : From FBD (b). 

íg)-Ì(í).o 

+ T ^=0; E >+ ~-l!l =!0 

6 3 6 

From FBD (a), 

»,<».^)-±i(í). 0 

From FBD (c). 


r l 

íý‘0 

- 

> 


' ._ _ 

LA) j 


1 

1 % 

'i T ^ 
i “ 


r ITTlr 


F ■ ^'F 

F J- A 1 


+ T^=0; B, + 1 JïL-îï±_»L — ÌOwL 

’ 18 3 T~° a /=~ 

Shtar and Momeitl Functions : For 0 Sx < £[FBD (d)], 


áq 

fíL 

r~ 

1 

j _: 


; ' "l : 

' i 

ÏL îf 

7 


-uTL 
ú> 

îf° r 


V) 

'/C X. 


+ î JC _ n . 7 >* , í. 

—--wx-K = 0 


h 


v= ii (7i -^) 


Aiu 


(VX* = 0; 0 



__i 

1- 

- ; 

=d 

% - 

t _J 

L _j’ 

JL 1 
z. 

í. 


fA (d.) 




. 7VD 

A r“ 



Íí' 


I fA (ej 

' Fx-f 
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7-59. Draw the shear and moment diagrams for the beam. 



Suppon Reaclions : From FBD (»), 

f+LW A =0; M A -48.0( 12) = 0 M A = 576 kip ft 
+ Tl/ỳ =0; A f -48.0 = 0 A f = 48.0 kip 

Shear and Moment Functions : For 0 S x < 12 ft (FBD (b)], 

x 2 

+ Î2^=0; 48.0-V = 0 

6 

V = |48.0-^|kip / 

Ç+EAf = 0; Af+Ì.0j+576 - 48.0* = 0 


Af = |48.ûr - — - 576| kip ■ fl 


For 12 ti<zí.24 fl (FBD (c)J. 


+ T Ifŷ = 0; V-1024-*)j(24-*) = O 

V = ji(24-x) J Jkip Ans 

Ç+ZM = 0 ; -IjI(24-x)j(24-x)J^lj-W = 0 

M = j-— (24-x)’J lcip ft Ans 





] uf* r ujt 

ía) 

I 


3 % 

A.. -'TXr 2 

* SA I I 1 


Ctc 

fyíï h 


TÍÌtt4-X)j(£4-)C) 


n C ‘ 



/Afc; pft> 
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beam. She3r and mome nt diagrams f or the 



Support R.actions ■ 


= 0 ; 

+ ÎZÇ =0; 


», (8)-4(7.25)-4(6.25)-2(4.25) 

S ,- 9 2 î ( 0 Í ) ' 2(2 ' 23) ' 2(1 - 2Î) - 0 

A , + 9.50-2-2-2-2-4-4a=o 

A , =6.50kN 


2 M 




T T r 


-l 


I2S*\ 


-X-ii 

f’ipm |'ifftT 


48 /n 


Á*‘(d 50 /ta/ 


'°T 


V(M) 



MLtoi-m) 



X 
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7-67. Draw the shear and moment diagrams for the 
beam ABCDE. All pulleys have a radius of 1 ft. Neglect 
the weight of the beam and pulley arrangement.The load 
weighs 500 Ib. 


Support RtactioM : From FBD (»). 

(+IAÍ a =0; jE^ (15) -500(7) -500(3) = 0 E, = 333.33 lb 
+ Î1Ç =0; A, + 333.33 - 500 = 0 A, = 166.67 lb 

Shear and Moment Diagrams : Tbe load on ihe pulley atDcanbe 
replaced by equivalent force and couple moment at D as shown on FBD (b). 





XCJO 


MObft) 



-x(ft) 
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7-70. Draw the shear and moment diagrams for the 
beam. 



7-71. Draw the shear and moment diagrams for the 
beam. 


5 upporí Raactiom : 

f+Z M a =0; B, (8) -320(4)-20(11) -150 = 0 

B, = 206.25 kN 

+ t If r = 0; A, +206.25-320-20 = 0 A, = 133.75 lcN 



A % =iiì7saJ ^ ’ 2°í> z5 Kri 
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♦7-72. Draw the shear and moment diagrams for the 
shaft. The support at A is a joumal bearing and at B it is 
a thrust bearing. 



/myn toon 


!4S/ H 55i>* 


jn À* ÌW' 


J1U 

^rìtoo 


/ ' /J - Drawthe shearand 


Support Reactions : 


momentdiagramsforthebeam. 


C+ZAf,= 0; B, (10) -10.0(2.5)- 10(8) =0 B, = 10.5 kN 
+ TlÇ=0; ^ + 10.5-10.0-10 = 0 A, = 9.50kN 





2C5)*l0-0tol /0k/1 


2jmT £ 


hy-ŷsox* 


By*IO-5 



tA(m-m) 
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bèam DraW ' he Shear and moment diagrams for the 


Support Rtacíions : 


0 ; 

+ Tlf, =0; 


0,(3)-8(1)-8(2)- 15.0(3.5)-20 = 0 

O, = 32.167 kN 
32.167-8-8- 15.0-4, =0 
A, = 1.167 lcN 


8I<N 8 kN 



, 20 kN ■ m ^ 

1 i 

15 kN/m 

A 


ÍÍTT 




*— 1 m —- 


' c 

*0.75 m- 

D —^ 

-— I m —- 



0.25 m 


V(M) 
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7 ; 8 j- The ^ eam consists of two segments pin-connected 
at Draw the shear and moment diagrams for the beam. 



Support Rtaetìons : From FBD (a), ^ 

+ ^ S / 0; ^ (6) -0.600(2) = 0 q» 0.200 Inp 

+ t^=o ; B, + 0.200 - 0.600 = 0 B,= 0 .4001úp 

From FBD (b), 

(**“* -0: ¥t -0.700(8)-0,400(|2) »0 

K = 10.4 kip f t 

+ Taî “ 0î ""®ro°-0.400 = 0 A,n UOkip 

Shtar and Momtnt Diatrams ■ Tfc» -..l. , 

segmem BC can be evaluattd usúig tf, e mcthr J . “ ° f,he moment f °r 

momem occurs when V . 0. From FBD (c) ° ™ ttin,um 

+ î ^ =0: a 20 °-ÍS> = 0 

(+Z«=0: 

W=0.20CU-i!- 

Tbus, ‘80 


Z(*Ù$S>) ^ éQoJptp r r’. io 


pp-777-j 

V 040 *'' c f ow P 0 70« ? c4c ^ !f) 

Aý.-1-iO Kíp I I 

r 

Ù>04 *c r }t 

ir(iè)/- 


^tÈE 



O-Z0ttj> 


M (■*?■& 
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7-82. Dravv the shear and moment diagrams for the beam. 


Support Rtactions : From FBD (»), 

=0; q (6)-3.00(1)-3.00(5) =0 C, =3.00kN 
+ Tl/r=0; A, + 3.00 - 3.00 - 3.00 = 0 A y =3.00kN 

Shear and Moment Diagrams : The peak value of ihe roomem dìagram 
can be cvaluaied uaing the roethod of secóonj. The roaxiroum rooment occurs 
at the midspan (x = 3 m) where V = 0. Froro FBD (b), 

(+LW = 0; Aí-3.00(1) = 0 M = 3.00 lcN • ro 


t(2)(ìhi0kr< 




■Ì(ZXi)*3-Okp) 



I /"1 | 4 rn 


ca) 


IM (t>) 


' / r ^/n 


} S0kr) 






7-83. Draw the shear and moment diagrams for the 
beam. 


Suppart Reaetions : 


Ç + TM Á = 0 -. 


:lï " 


— L - 


7 w„i. , "of- n 

+ TIF,=0; A, + —- w 0 L-—=0 


I ^ 



Ax~ 

T J 


~ 1 i ± T T. 

í, j ~ L 
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7-8(i. Dravv the shear and moment diagrams for the beam. 


15 kip • ft 



15 kip ft 


- 6 ft •—H 


Support Rgactions : From FBD (a), 

(+ZM Á =0-, B y (10) + 15.0(2) +15 

-50.0(5) -13.0(12) — 15 = 0 
B r = 40.0 kip 

+ ÎIf, =0; A,+40.0-15.0 - 50.0- 15.0 = 0 

Ay * 40.0 kip 

5 hear and Moment Diagrams : Thc vaiue of thc momcnt at supports 
A and B can bc evaluatod using the method of secáons [FBD (c) ]. 

+ M ♦ 15.0(2)+ 15 » 0 M « -45.0 Idp • ft 




i5 ££±± 


.. í+rh 
! 


l4/rz/t|' Jft [' 5% 1^4/c' 
A-. -44 0 bỳ4o OKÏf 

a */5t>kj r 

tr 

^ Vv 



iHívpH) 
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7- . Determine the tension in each segment of the 


.. iviiomii III 

cable and the cable’s total length. 


Eiution, ,f Eiuilibrium : Appiyin* mohod of joinu, wc h»ve 
Joint B 


~>ZF, = 

0; fjcCOsS-fìaj 

/ \ 

l^J = 0 

m 

+ tlF r = 

°’ . /fíì F, c stn 0-50 = 0 

[2] 

Joint C 

^ZF, =C 

h fto«>s ♦ - F, c cos 9 = 0 

Í3J 

+ ÎX/ 2 = 

0: fi c sin 9+ /t 0 sin « -100 = 0 

14] 

Geomttrj ; 

sin 6 = 

y 

n —rr 

cos 9= 


sin ŷ = 

y y 2 + 25 

3 + y 

V/^ + 25 

OOS ^ = —. ■ 1 


V/ 2 + 6y+ 18 

Vy 2 + 6y+18 



Subsótue ihe »bove resuits inio Eqs. [1], (2J. [3] and [4] and solve We 
have 

F, c - 467 lb F, a = 83.0 Ib f CD = 88.1 Ib Aiu 
y = 2.679 ft 

The toial lengib of ibe cable is 

|=V7t + 4t + v 'J2 + 2.679J + Jŷ + (2.679 + 3) 2 
* 20.2 ft 

Ans 
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^l2^h C rta2 d °e tS 0f th ; th / e l ,0 f shown. 

» = 8 Also fìnd the sag ^ Pl * = 300 ,b and 



l-t'l " 20 ft 


15 f, -12 f, 


= 0: ^6 T,C ‘ jk Ti ‘ = ° 

jk T “'à r “- m -° “M 


n^~*T,c 

3oo «, 


T a , = 983.3 Ib 


->E/Î = 0; 


T tc = 854.2 lb 


-20 15 

7= (854.2) + — . '% 


»—+'»-»•»■+,> + - r . 7 

,436 V( l4 ->'o) ! + 225 


ì5 "V^©-t<d 

+ ] íTb*3» 


+ ÎEf ; = 0; -r= (854.2) + 14 ~ y “ T _ f» _ 0 

V«6 V (1 4 ~ >o) + 225 ‘ <2) 


->!/; = 0; 


12 __ 15 

/( 4 + >„) ! + 144 " V( 14 ->o) ! + 225 Tc ° “ ° 


+ î = 0; - 4 4 To 1 4 ~> P 

V< 4 + >d) ! + l 44 Dt V( 14 ->o) ! + 225 CD 300 ” ° 


_ 3600^ 22 5 + (14 -y n )2 

CD n> D - 108 


Substitute into Eq. (1) : 


« * T " r 

T.+-ir= j n, 

3004 


= 6.44 ft Ans 


r CD = 916.1 Ib 


P x = 658 Ib 


Ans 
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7-93. The cable supports the loading shown. Determine 
the distance x B the force at point B acts from A Set 
P = 40 lb. 



F 4 

-3ft- 


7-94. The cable supports the loading shown. Determine 
the magnitude of the horizontal force P so that x B = 6 ft 



^=°; P-±T„-j=T, c --0 

+ T£F ' = ° ; 

s»-f 3 r .c=° <«) 

AtC 

4^=° : f (30)+ ^r íc -^r CD =o 

+T£F > = °; ^-^°- 3 (30) = 0 

18 

-f=T BC = 102 (2) 

/73 

Solving Eqs. (1) & (2) 






7-95. Determine the forces P, and P 2 needeci to hold the 
cable in the position shown, i.e., so segment CD remains 
horizontal. Aiso, find the maximum teasion in the cable. 



-4 m —-5 m - 


Method of Joints: 

Joint B 

Solving Eqs. (!) and [2j yields 

Fuc = 10.3! kN F A u = î 2.5 kN 

Joint C 


-=0; Fcd — J0, 


^TH)- 


0 F ct> = 10.0 kN 


+ t ZF, — 0; 

10.31 


Joint D 



4ef, = 0; 

Fde ^ 

V2Tb)- 1 °-° 

+ t IF=0; 

Fde ^ 

v2^)- 2 - 5 =° 


Solving Eí|S. [ 1J and [2] yields 
lh = 6.25 kN Ans 
Fpt = 11.79 kN 

Thus, the maximum tension in the cable is 
F, = /\ \b = 12.5 kN Ans 



F uc = 10.31 kN 




■®7t6 


1 s Fl 

,= 10.0 kN 

/ 4 

D 
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*7-%. The cable supports the three loads shown 
Uetermine the sags y„ and y D of points B and D and the 
tension m each segment of the cable. 


Equaliont of Equilibrium : From FBD (a), 

IvVÍ+ûïJ [Jiïïûi * 


From FBD (b). 


+ 200( 12) + 500(27) + 300(47) = 0 


30000 (1] 


Ç+ IM C = 0; 

[y/yì + UÂj 


íy\ +144 


(U-y.) 


+ 300(20) =0 

Solving Eqs.(l) and [2J yields 

>. = 8.792 ft = 8.79 ft F Á , = 787.47 Ib = 787 Ib Am 
Method of Joints : 



- 12 f! -4.-20 ft 


O* 


15 ft — j^\ 2 f t 


pco Ib 

T500lb 
1 , 

i, J 


T 

! «Al 


->£F. =0; F, c cos 14 60°- 787.47cos 36.23° = 0 

F,c = 656.40 lb = 656 Ib Ans 

+ ÎÏF, =0; 787.47sin 36.23° 

-656.40sin 14.60°-300 = 0 (Cktekt!) 


»05-0; F a 


+ ÎZÇ =0; fJ ,4 -y° ì 
Wy},-28y D +421 J 

+ 656.40sin 14.60° - 500 = 0 [ 4 ] 

Solving Hqs.(l) and (2) yields 

y D = 6.099 ft= 6.10 ft F cd = 717.95 Ib = 718 Ib Ans 




r——J-656.40CO. 14.60° = 0 (3 ) 



Faì' 76141 li 


fíe ’(>5é+o H 






-♦IF, =0; F 0f cos 40.08°-717.95COS 27.78° = 0 

F oe = 830.24 !b = 830 Ib An» 

+ t LF r = 0; 830.24sin 40.08° 

- 7I7.95sin 27.78° - 200 = 0 (Chtckt!) 


f-M-08' 


p 

Fc D ’7l7Ŷ5ií 

zooií 
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7-97. Determine the maximum uniform loading w, 
measured in Ib/ft, that the cable can support if it is capable 
of sustaining a maximum tensìon of 3000 lb before it will 
break. 

.» * jr í (í *<ix)dt 


4 JLU -U I.U j 
"-3Ô5- 14 


d\ 

At x = 0. — = 0 

dx 


At x = 0, y = 0 
C, = C, = 0 



IFh 


At x = 25 ft, y = 6 ft F„ = 52.08 w 

é| = = -J 

liri MI F h Ix- 23 t 

6„ t = ian" l (0.4S) = 25.64° 

T _ F » 




= 3000 


F„ = 2705 Ib 

w « 51.9 Ib/ft Ans 


osmu / ThC Cab ' e ' S sufc, j ected to a uniform loading ofw = 
230 Ib/ft. Determine the maximum and minimum tension 
in the cable. 



From Example 7-14; 

p m 250 (50) 3 

" ' Tii -sTTT - = 13021 » 


8 A 

8mm = tin' 1 


ì(6) 


'fé) 


T m 


13 021 


»»«.. cos 25.64° “ 14 4ki P 
Thc minìQiujn touioo occurs ax Q s o° 

* Fh * 13.0 Idp Ans 
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^Ticxîâbrs ïs aûbjécted to a uniform loading of 
200 N/m. If the weight of the cable is neglected and the 
slope angles at points A and B are 30° and 60° 
respectively, detemine the curve that defínes the cablè 
shape and the maximum tension developed in the cable. 



= -r-Jt/zOOíitJd* 


V = jrOOO* 2 + C,x + C 2 ) 
dy 1 

£ = -(200* + C.) 

Atx = 0, > = 0; C, = 0 

Mx = °' £ = un30 °; C, = f h u 


y “ ^0°°x 2 + F h tan30°_r) 


Atx = 15 m , - = taiióO»; F„ = 259S N 

y = (38.5x 2 + 577x)( 10 -3 ) m AnJ 

= 60° 


TTTTHTJ; 


T = H _ 


«»9-« cos60° 


= 5.20 kN 
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*7-100. The cable supports a 
Determine the tension m the 


girder which weighs 850 Ib/ft. 
cable at points A, 3, and C. 



y - Trí(j w a<b)dx 

f h 

1 , 

y = j(d25x 2 + C,x + Cj) 

dy 850 C, 

— = ~-—x + — 

* F « f h 

A.x=0, ^=0 C, =0 

Alor =0, y = 0 C, = 0 


J 



1 » + i 11 i I 1 


lOOft 


At > = 20 ft , i = j' 


20 = 

f h 


At>=40ft, X = (100“ >') 


40 


_ 425(100-x')t 


2tx0 2 = (xO 1 - 20Qx' + 100 2 
(xO 2 + 20Qx' - 100 2 = 0 
x , _ -200+^2001 + 4(100)2 

F„ = 36 459 Ib 


= 41.42 ft 


AlA, 


^ - ttnfi - ^ 425 »* ! 

- tin9„--— = i. 366 

F H I». -Jl.il It 

»„ = 53.79“ 

36 459 


oos 53.79' 

= 61.7 Idp Ai 

MB, 

f b ~ f h - 36.5 kip 

AtC, 

1 = ^,» 


= 61 714 Ib 


Ans 


**■ 41.42 II 


= 0.9657 


*c » 44.0° 


71 - _.*» _ 36 45 9 

cos6 c - cos44.0° = 50683 


» 50.7 ldp 


Ans 
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7-lOL The cable is subjected to the triangular loading. If 
the slope of the cable at point O is zero, determine the 
equation of the curve y = f(x) which defines the cable 
shape OB, and the maximum tension developed in the cable. 



y = ỳ\(\w(i)dx)dx 


1 f,f500 


•rrttfL# 

" Tt ■ H 


15» 15» 


1 f 50 2 

= J )(j* + C,)dx 


50 


“ F h ^~ 9 X + C ‘ x + c 0 


dy 50 2 c. 
T ~ rr-* + — 
d* 3 F„ F„ 


Ali =0, 


dy 


dx- 0 C ‘ - 0 
Mx =0, >■ = 0 C 2 = 0 

50 , 


y = 


9F„ 


Mx=isn, > = 8fl F # = 23441b 


y = 2.37(I0‘ s )x J 


Ans 


t\ = Uu.8 - ” Jl 

““ 3(2344) J L. 1J( 

®«« = tan"'(1.6) = 57.99° 

r - 2344 


7.« = 4.42 Up 


cos 57.99° 

Ans 


4422 lb 
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“iJr Cabk is , sub j ecíed *o the parabolic loading 
* ^ 50 - 1 (*/50) 2 ) lb/ft, where X is in ft. Determine 

the equation y - f(x) which defines the cable shape AB 
and the maximum tension in the cable 



'h 


y = — j[l50(x -— 

3(50)- 


) + C,) dx 


y = K (7Sx -m + c ' x + c ^ 


ày 150x 

dx F h 


Atx =0, 


ày 

áx 


50 F X + F„ 


= 0 C, = 0 




locfr 
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M°3. The cable will break when the maximum tension 
reachs - 10kN. Determine the sag h if it supports 
the uniform distributed load of w = 600 N/m. 



Tht Equation of Tht Cabit : 


r- ^-J"(Jw(x)<ir)<ir 

4Pr J+c,í+c 0 


dy 1 


Boundary Conditions 


y = 0 at x = 0, then from Eq.[l] 0 =* — (C 2 ) C 2 *0 

f h 

dy 1 

- 7 - * 0 at x = 0, tfien fron» Eq.[2] 0 ■ —(C,) C, =» 0 

" Fh 


W 0 2 

£-£x 

dx F h 


y = h atx= 12.5 ra. thenfrom Eq.[3] h-—( 12.5 2 ) F„ » 8125 Wq 

ÌFh h 

0 - - 12-5 m and the maxiinum teiuion occura when 8 » 8.„. From Eq.[4J 


... =X ° tTiii —x = 0.0128A(12.î)=.0.16Wi 

X>I2.5« jf w 0 


/0.0256A 2 +1 


The nuximum tension in the cable is 


h » 7.09 m 
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*7-104. Determine the maximum tension developed j n 
the cable if it is subjected to a uniform load of 600 N/.n, 



-100 m — 


The Equation of The Cabte : 


y ~ — J(iw (x)dx)dx 


dy 1 

Z = T U { "° X+C ^ 


Boundary Conditions 


y = 0 ai x = 0, then from Eq.fl] o=—(C 2 ) C =0 

dy Fh ^ 

— = tan 10° atx = 0, then from Eq.f2| t»„ 10“ *1(C,) C, * F h wi lV 


y = 20 m at j = 100 m, then from Eq.(3J 
600 

20= 2Êj^ I00 ^ + “ nl0 ° (IOO) fỳ/ = I 267 265.47 N 


dy w 0 

S = -x + U nl0“ 


1 267 265.47 ^ 

= 0.4735( I0~’)x + tan 10“ 

6 ~ 8 m.i lOOmandthc maxìmum tetuion oecurs when 6 = 


= — 


^L.ioo-^^^í^'OdOOî + tan 10“ 


e.„ = 12.61« 


The maximum tension in the cable is 


T _ f h 1267 265.47 

■“ " ^T“~£rïÏ6pr =“1 »8 579.00N- 1.30 MN Ans 
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■ 7 -^ S ; A cable has a ^eight of 5 lb/ft. If it can span 300 
ftand has a sag of 15 ft, determine the Iength of the cable 
The ends of the cable are supported at the same elevation. 


7-106. Show that the deflection curve of the cable 
discussed tn Example 7-15 reduces to Eq. (4) in Example 
7-14 when the hyperbolic cosine function is expanded in 
terms of a series and only the first two terms are retained. 
( e answer indicates that the catenary may be replaced 
by a parabola in the analysis of problems in which the sag 
is small. In this case, the cable weight is assumed to be 
umformly distributed along the horizontal.) 


W 0 = 5 lb/ft 


From Example7-15, 


y " — I cosh(-îx) - 1 ) 
w o r„ 


Atx = 150 ft, y = 15 ft 
—- = cosh -î - i 

F « { f h J 


F h = 3762 lb 


F h w a 

s = — sinh(— 


s = 151.0 ft 


L = Is = 302 ft 


coih z m 1 + _ + 

2 ! " 


Substituông into 


ïhfè'H 


Usrng Eq.(3) in Eximple 7 - 14 , 


We *" > - ^ QED 
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7-107. A uniform cord is suspended between two points 
having the same elevation. Determine the sag-to-span 
ratio so that the maximum tension in the cord equals the 
cord's total weight. 


Froni Exunpte 7- 13. 





—- - anh '(OS) « 0.3493 
2F t 


when x ■ 

2 


y m k 








1 

C0íh (ÎÌÉ) 




F H 

coj 8. 


w„(2s) 


F h cosh 




■ F h cosh Ííïîi') 

V 26 J 





h. f JL 


v't- “*>*(#) 


0.1347 L 
2A 


« 0.3493 


^ ■ 0.141 Aoe 


0.1347 


■*7-108. A cable has a weight of 2 Ib/ft. If it can span 
100 ft and has a sag of 12 ft, determine the length of the 
cable.The ends of the cable are supported from the same 
elevation. 


From Eq. (3) of Example 7 -13 : 


*-S[— 

“-S-PS?)-] 

“■'•H 


F h = 212.2 Ib 


Frora Eq. (3) of Example 7 -13 : 



I = 104 ft Ane 
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7-109. The transmission cable having a weight of 20 lb/ft 
is strung across the nver as shown. Determine the 
required force that must be applied to the cable at its 
points of attachment to the towers at B and C. 



w = 20 Ib/ft 
From Example 7-15, 

y = -^-[coshí^r) - 1 ) 

r H 

MB : 


10 = ^[cosh(^(S0)) - 1 ] 

Solving, 

F h = 2532 lb 

* “ stoh (^)r » sinb( ^^) « 0«529 

8 = wf'(0.40529) = 22.06“ 

,-r , 2532 

)b côs22.06° * 2732 ,b = 2 73 tó P 

AtC: 


Ans 


íit 


sinh (—)x = sính( 


20(75) 

2532 


) = 0.6277 


0 = tìn”'(0.6277) = 32.12’ 

(r -„)c = 2532/00832.12° = 29S9 lb = 2.99 Idp Ans 
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7-110. The cable weighs 6 Ib/ft and is 150 ft in length. 
Determine the sag h so that the cable spans 100 ft. Find 
the minimum tension ìn the cable. 

Dâfliction Curvt of Th» Cable : 


[l + (l/*)tí».*> , ] i 


where w 0 = 6 Ib/ft 


Perfoiming the integration yields 


From Eq. 7 - 14 


= ?{ S " ,h ' , [Ì (d ' + C,) ] +Cj } 

dy 1 r 1 

— = —Jw 0 <ir = —(6i+C,) 

“* 'h Fh 


Boundary Conditions : 


^ = 0 at s = 0. From Eq. [2] 0=— (0+C,) C, =0 


Then, Eq.|2] becomes 


dy 6s 

— = tan B » — 
dx F u 


s = 0 atx = 0 tnd use the nesult C, =0. From Eq.fl] 


■^{sinh-'flfO+tyj+C,} c 2 =0 


Reamnging Eq.[l], wehave 


Substituting Eq.[4J into [3] yields 


: Hï') 


dy . (6 
•— = sinh —Jt 
* {F h j 


Performing the integrmtion 


' ■?"*(?ï')* c ' 

y = 0atjr«0. From Eq.[3] 0 = ^ícosh 0+C,, thus, C, m-5i 
— _ & 3 


Then, Eq. [5] becomes 


'tHs*)-'] 


j = 75 ftatjr = 50ft. FromEq.[4] 


By trial and error 


75 = |stnh[l(50)] 


The maximum tension occurs at 9 = 6 mit = 0". Thus, 


F h = 184.9419 lb 


T _ f h 184.9419 

‘mim „ *-—— = 185 ib 

cos 0° 


y = h aut = 50 ft Frora Eq.[6] 


184.9419 


HIÌ04Ï9H -1 }’ 30 - 3 ' 1 
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■ ♦7-112. The cable has a mass of 0.5 kg/m and is 25 m 

long. Detennine the vertical and horizontal components of ds 

force it exerts on the top of thc tower. x * 7ï 

l + gttVo*) 1 ' 


Pcrformlng ihe integrulon yields. 



4.9051 L f H 


(4.905í+C,) +C 2 f [1] 


FromEq, 7-13 
dx F h > 

—-Ì(4.905j + C,) 
dx F h 


At j = 0; — = tan30°. Henoe C, » F„ ttn30“ 

dx 



dy 4.905J 

F« 


+ Un30® (2] 


Applylng boundary conditìons at x - 0; s - 0 to Eq.[l) and using the reault 
C, =F„tan30° yields C 2 = -sinh" 1 (tan30°). Hence 

x - _^£_ jsinh' 1 j^i (4.905j + F H tan30°) j - sinh -1 (tan30°) | (3] 

At x = 15 m; j = 25m. From Eq.[3] 

15 = J5l_ jsinh-'j^i (4.905(25) + F w tan30T j- sinh-‘(tan30°)| 

By trial and error F H = 73.94 N 

AtpoinlA. j = 25m FromEq.[2] 

un» = M , ♦ 90,( i j >uiì0 ° e = 65.90” 

♦ (fch.î 3= 73.94 

(F') x = F H tan0 A = 73.94tan65.90” = 165 N Ana 
(*)*-*“ 7 3-9 N An. 
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7-114. The man picks up the 52-ft chain and holds it just 
high enough so it is completely off the ground. The chain 
has points of attachment A and B that are 50 ft apart. If the 
chain has a weight of 3 Ib/ft. and the man weighs 150 Ib, 
determine the force he exerts on the ground. Also, how high 
h must he lift the chain? Hinr. The slopes at A and B are 



Defleetiom Cune of The Cable : 


/Ç */5400iU 


[t + (l/^)(Jwo4r) J ]’ 


-j- whcrc w 0 *3 lb/ft 


•-1&oo\í- r ib 


lí> 15“ lk 


Performing the integraúon yields 


■ yjjinh"' y(3í + C,) +C 2 | 


From Eq. 7-14 


^»ỳjwo4i»^-(3j + C,) 
<U r H F h 


Boundary Conditions : 

— = 0 «t J = 0. From Eq. (2) 0=-i(0+C,) C, =0 

dx F„ 


Then. Eq.(2J becomes 


dy 3j 

— = un9 = — 
dx F„ 


s - 0 xi = 0 and use the result C, = 0. From Eq.[l) 


.^|sinh-|l(0+0)j+C 2 | C 2 = 0 


Rearrangmg Eq.[l] t wc havc 


■Hf) 


Subsbtuting Eq.{4] into [3] yidds 


Pcrfonning theintcgrabon 




Then, Eq. [5] becomes 


f h\ /3 3 1 

= — cosh —x - 1 

3 {r„ ) J 


J = 26 ft atx = Z5 fL From Eq. [4] 


By trial and error 


!6=^smh 1 (25) j 
F h = 154.003 lb 


y = h atx * 25 fL Frora Eq. [6] 


Frora Eq.[3] 


. 154.003/ r 3 1 1 

A =_| cosh ^ î __ (25) j. 1 j =6 . 21ft 


dy\ „ 3(26) 

5l..»n =Un8 =154^5 = °- 5065 8 = 26860 

Thc vcrbcal forcc /y that each chain exerts on the raan is 

F v ~ F h \an Q = 154.003tan 26.86° = 78.00 Ib 
Equation of Equilibrium : By considering the equilibrium of thc raan t 

+ Tl^=0; N m -150-2(78.00) = 0 tf„=3061b Ans 
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7-115. The balloon is held in place using a 400-ft cord that 
weighs 0.8 Ib/ft and makes a 60° angle with the horizontal. 
Ifthe tension in the cord at point/1 is 150 Ib, determine the 
ìcngth of the cord, /. that is lying on the ground and the 
hetght h. Hìnr. Establish the coordinate system at B as 
shown. 


Defltction Curve of The Cable : 


[l + ( t/^vî) (JivodLi) 2 ] 4 


wherc w 0 = 0.8 Ib/ft 


Perfomung thc imegraúon yields 


From Eq. 7—14 


t “êMj5 (aíf+c ' ) ] +c *} 

ax t H t H 


Boundary Conditions : 


— =0 aii = 0. FromEq.|2] 0=— (0+C,) C, =0 





From Eq.[3} 


T — Fu 

C <M0 = cos 60° 75.0Ib 


— =tan 60° = . 


162.38 ft 


/ = 400- 162.38 = 238 ft 


Substitutmg s = 162.38 ft into Eq. [4J, 


Then, Bq. [2] becomes 


dy 0.8 j 

— = tan 0 -- 

dx F H 


s = 0 at x = 0 and ose the rcsuh C, = 0. From Eq. [ 1 ] 


t = j|sinh'' ^-(0+0) +Cj| C 2 =0 


Reai\'anging Eq. [ I], we havc 


t = ^smhí—jrì 

0.8 ) 


Substitudng Eq.[4] into [3] yields 


Perforraing the integradon 


5“Kr) 

F„ /0.8 5 
i = -+-cosh —x +< 

0.8 [f h ) 


75 . /0.8 -t 

38 = —--suih —x 
0.8 1.75 ) 

*= 123.46 ft 


y = hUx= 123.46ft From Eq.[ 6 J 

i._ 75 0 r .ro.8 


ôjHS (i2 H-]=”- 75 f 


' ■ 0 “ " = 0 • Frora !5) o=5J C,. *us. C, = -5i 

T^tcn, Eq. [5] becoraes ^.8 


'=êHr)-'j 
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•7-ll4» A 100-lb cable is attached between two points 
at a distance 50 ft apart having equal elevations. If the 
maximum tension developed in the cable is 75 Ib, 
determine the length of the cable and the sag. 


Fttxn Exireple 7-15, 




For - of caòle. 




ana-- , ?ì± - g - Fì 50 

F » F„ ‘ Fh 


V™ 1 ~ Fj «50; F„ » JJ 9 fl, 


r =* 27.8 ft 


**» * 27S * 1 ' 80lb/ft 


Tolillength « 2s « 55.6ft Au 


'•îH^)43hG8S?H 


> 10.6 ft Ah 
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7* /17» Determine the distance a between the supports 
in terms of the beam’s length L so that the moment in 
the symmetric beam is zero at the beam’s center. 



Support Roactloms :. F rom FBD (a), 

(+ZMc = ° : î a+ ^G)'^<«»-o B,.Z (L+a 

4 

Free bod, Diagram : n.e raD for seemen , . r _ . 


C is dravvn. 


segment A C secdoned through poim 


Internol Forcas : Thu problor, requires M =n s 

ïbout point C[ FBD (b)] , we have C °' Summ,n * moments 


(+ SM C = 0: 




~7 <l+a >(2 J=o 
2o 2 + 2oL- L 2 & o 

a = 0.3661 . 




i I 


i z 




\7 (Z ** L \ 




z I z 

Bf£(Lta) 


7-m Dravv the shear and moment diagrams for the beam. 



«V» 


î 

î 

<_x 

e ± 

r 1fr T Ift 

itt * sh 

) 

34 

k 

-3t 

-34 j 

-Joí 

- tog 
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Draw the shear and moment dìagrams for the 
beam ABC. 


Support Rtactions : Thc 6 LN load can be rcplacde by an equivalent force 
and coupie momenl at B as shown on FBD (a). 

[+ZM Á =0-, F co stn45°(6)-6(3)-9.00 = 0 F CD = 6.364 ItN 
+ Îïf5=0; A^ + ô^súUS^-ô^O A, = 1.50 kN 

Shear and Moment Functions : For 0 S x < 3 m [FBD (b)], 

+ î 1/^=0; 1.50-V = 0 V = 1.50 ItN An* 

Ç+IM = 0; M- 1.5Ûx = 0 M={1.5Qi)kN m Ana 

For 3 m<x S6 m [FBD (c)], 

+ ÎÏF=0; V+6.364sin °45 = 0 V = -4.50lcN Ana 




Ç+1M = 0: 6.364sin45°(6-x)-M = 0 

M = {27.0-4.5Qx} kN m 




K’l$o 



W (k; 


x (W) 


- >-4.S 


(C) N 




ffï íÌLt) 



'■ -X ) 


-/ZS 
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7-121. Detennine the normal force, shear force, and mo- 
ment at points H and C of the beam. 



Free body Diagram: The Support reactions need not be computed for 
this case. 

Intenial Forces: Applying the equíilions of equilibrium to segmcnt 
DC l'FBD (a)|, we have 

-*'LF X = 0; N c - 0 Ans 

+ t LF y =0; V c - 3.00 -6 = 0 V c = 9.00 kN Ans 

f + £M< = 0; -M c - 3.00(1.5) - 6(3) -40 = 0 

M c = -62.5 kN-m Ans 

Applying thc equations of equilibrium to segment DB Jh'BD (b)], 
we have 

■ÌEF,= 0: Ns= 0 Aas 

+ t £ F y = 0; V B - 10.0 - 7.5 - 4.00 -6 = 0 

V B = 27.5 kN Ans 

^+YM b = 0; -M b - 10.0(2.5) - 7.5(5) 

—4.00(7) - 6(9) - 40 = 0 
M u = -184.5 kN m Aas 


1(3) s 3.0 kN 6kN 



2(5)3 10.0 kN 7.5 k.N 
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7-122. A cnam ìs suspenoea Betvveen pomts at the same 

elevation and spaced a distance of 60 ft apart. If it has a 
weight of 0.5 lb/ft and the sag is 3 ft, determine the 
maximum tension in the chain. 


ds 


| 1 + ^(W 0 *) 1 | 


Performing the integration yieldf : 

i .^{, i, ,h-'[i; (0 . 3 í +C 1 )]+C 1 } 


PromBq. 7-13 
dy 1 f . 
dx F„ J 

-1(0.5»+ C.) 
dx F h 


At s » 0; 


dx 

0.5/ 


[ 2 ] 


Applying boundary coodition» at x — 0; 
yield» C 2 ■« 0. Hence 




[3] 


Substituting Eq.(3] into [2] yields : 


[4] 


Performing tbe integrmtion 
F„ (0.5 \ „ 

3, -ô3“H*T* 


Applying boundary conditìons at x = 0; 



s « 0 to Eq.(l) and using the result C, » 0 


y * 0 yields C, = . Therefore 



At x = 30 ft; y - 3 ft 
By trial and crror F H 

At at = 30ft; 9~0 mai . 


« 75.25 lb 
Prom Eq.[4) 


T mm 


75.25 


cos 6 mmx cos 11.346* 
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/' The mine car and its contents have a total mass of 

statif frÏÏ 3 T'" ° f êraVÍty 8t !f the c °efficient of 
stat,c fricfon between the wheels and the traclcs is „ = 

0.4 when the wheels are locked, find the normal force 

ïïx sî ai ?r e ts 


Equaion, 0 f Equilibrium : Th e nomui nucrions icring on the whcds u 
M »nd S ) are mdcpcndcnt as to whcthcr thc whcds are !ockcd or not Hcncc 
•nic normal rcacoons acring on the whecls are thc same for both cases. 

( + ZAÍ, =0; 

"a 


"a < 1-5) + 10(1.05)- 58.86(0.6) = 0 
N. = 16.544 lcN = 16.5 lcN 


+ ÎX/r =0; N 8 + 16.544-58.86 * 0 

N s = 42.316 lcN * 42.3 kN 


Ans 


Ans 


Frioiion : Whcn thc whccls aM are locked, (/■).„ =0.4(16.544) 

= 6.6176 kN. Srnce (/■)_<,<) kN, the wheels at A will slip and tíic whcels 
ai B will roIL Thus. the mine car moves. 

Whcn both whecis al A and B arc l«kcd. ri.cn ( F Á ).„ -M,N Á = 0.4( 16.544) 
= 6.6176 lcN and (/>)„,„ = /i,N s =0.4(42.316) = 16.9264 kN. Since 

*“*■ ~ 23.544 lcN > lOlcN, the wheels do notslip. Thus, 

Uic minc car docs not move 

Ana 


10 kN 


p- 0.6 m --[ | 

I* -1.5 m —- i 


&°°o(930=5S36 M 


/0Kr) 


!0ffn\ 



m 

0 




■% 

1 OSmToTîri 1 

A4 

r 

A/a 


8-2. If the horizontal force P = »nih a , 
normal and friction-íl ^ determinc ihe 

Take Ml = 0.3 = 0.2 0 " ' hC 3 °°- ,b cratc - 


Assumc no slipping: 


20 ° 


'+ZF, .0; 80cos20° - 300sìn20“ + F c 

F c 

= 27.43 tb 

= 0; N c 

- 300cos20° - 80sin20» 

N c 

= 309.26 Ib 

(fc).« = fl,N c ; 

< F c).. = 0.3(309.26) 

F c = 27.4 tb 

Ans 

N c = 309 ib 

Ans 


' > 27.43 Ib (O. 


476 


www.usacingenieria.blogspot.com 

8-3. The uniform pole has a vveight of 30 Ib and a length 
of 26 ft. If it is placed against the smooth wall and on the 
rough floor in the position d = 10 ft, will it remain in this 
position when it is released? The coefficient of static 
friction is /j, = 0.3. 


ÇfZMt «0; 30 (5) - N, (24) = 0 

N, = 6.23 lb 

2>I F, .0; 6.23 - F Á = 0 

/Ù » 6.23 Ib 
+ T ZF y » 0; N a - 30 » 0 
N t = 30 Ib 

- 0.3(30) - 9tt> > 6.23 Ib 
Yos, tbe pole wiH rtmain statioaâry. 





A« 


♦8-4. The uniform pole has a weight of 30 Ib and a length 
of 26 ft. Determine the maximum distance d it can be 
placed from the smooth wall and not slip. The coefficient 
of static friction between the floor and the pole is fi s = 0.3. 


♦ Tlf, - 0-. 

N t - 30-0 


N a = 30 Ib 

F a »(F*).. - 

0.3(30) =■ 91b 

2.1 F, ■ 0; 

o 

1 

o 

1 

£ 


N, = 9Ib 

ÇzMt = 0; 

30(13 coj 8) - 




8 » 39.04° 

d » 26 co» 59.04° » 13.4 ft An» 
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8-7. An axial force of T = 800 lb is applied to the bar. 
If the coeffieient of static friction at the jaws C and D 
is /j s = 0.5, detennine the stnallest nortnal force that the 
screw at A must exert on the smooth surface of the links 
at B and C in order to hold the bar stationary. The links 
are pin-connected at F and G. 



Require F r ~ (t, N r 
400 = 0.5 N c 


N c = 800 Ib 


^ +ZM f = 0; -800(3) - 400(2) - <N U sin 30°)(2) 


| 1 m 5 in. L> N B 
-f TjO" 


+ (Nb cos30°)(5) = 0 


*8-8. The winch on the truck ìs used to hoist the garbage 
bin onto the bed of the truck. If the loaded bin has a weight 
of 8500 lb and center of gravity at G, determine the force 
in the cable needed to begin the lift. The coefficients of 
static friction at A and B are /ìa = 0.3 and /i. B = 0.2, 
respectively. Neglect the height of the support at A. 



^+TM b =0-, 8500(12) -N Á (22) = 0 


N a = 4636364 lb 


= 0; T cos30" 


fV 4 0.2AT í k\„ 
1.30° N„ 


- 0.2 Nb cos 30° - Nb sin 30° - 0.3(4636.364) = 0 
T (0.86603) -0.67321 N B = 1390.91 

+ t E F, = 0; 4636.364 - 8500 + 7'sin 30“ + N B cos 30° 

- 0.2 N b sin 30° = 0 


7 (0.5) +0.766025 N B = 3863.636 


T = 3666.5 lb = 3.67 kip 


Ng = 2650.5 lb 
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8-9. The 15-ft ladder has a uniform weight of 80 Ib and 
rests against the smooth wall at B. If the coefficient of 
static friction at A is fj. A = 0.4, determine if the ladder 
will slip. Take 9 = 60°. 





ÍP 

+ XM t = 

0; JVjílSfinfiO*) - 80(7J)cmS0“ = 0 



N, = 23.094 16 


= 

0; F a = 23.094 16 





+ Tar = 

0; N, = 8016 


«).. = 

0.4(80) = 32 16 > 23.094 lb (O.Kl) 


The ladder wiu not «Up. Ana 






8-10. The block brake is used to stop the wheel from 
rotating when the wheel is subjected to a couple moment 
M n . If the coefficient of static friction between the wheel 
and the block is n.„ determine the smallest force P that 
should be applied. 



£ IMc ■ 0; Pa - Nb + Ji, Ne = 0 
(fr - c) 

Ç>AMo »0; H, Nr - M 0 = 0 

P, p \T ~— ì r = 

\b - n. c) 



P = - (b - n, c) An» 

H. ra 



480 














www.usacingenieria.blogspot.com 

8-13. The block brake consists of a pin-connected lever 
and friction block at B. The coefficient of static friction 
between the wheel and the lever is, a s = 0.3, and a torque 
of 5 N • m is applied to the wheel. Determine if the brake 
can hold the wheel stationary when the force applied to 
the lever is (a) P = 30 N, (b) P = 70 N. 


vÊÊÊm 


To hold lever: 




t +1M 0 = 0; /ì (0.15) -5 = 0; F t = 33.333 N 


íì' 


. í r f Pu 


33.333 N 

N ‘ = —ôl— = 111,1 N 


-3 illl.lO 

0.DS—,} 


<.+W„=0; ifc,*,. (0.6) - 111.1(0.2) - 33.333(0.05) = 0 f 


= 39.8 N 


a) P = 30 N < 39.8 N No Ans 

b) P = 70 N > 39.8 N Yes Ans 
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*8-16. Fhc car has a mass of 1.6 Mg and center of mass 
at 6. It thc coefficient of static friction between the 
shouldcr of the road and the tires is = 0.4. determine 
the greatest slope 6 thc shoulder can have without causinst 
the car to slip or tip over if thc car travels along the 
shoulder at constant velocitv. 




=0; -IVcosetZ.S) + H'si ll «(2.5) =0 


SUpping: 

ZF, = 0; 0.4 N - W sinO = 0 

Hy - 0: N - Wcos9 = 0 


9 - 21.8° Ans (car slips) 
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8-17. The drum has a weight of 100 Ib and rests on the 
floor for which the coefficient of static friction is fi s = 0.6. 
If o = 2 ft and 6 = 3 ft.determine the smallest magnitude 
of the force P that will cause impending motion of the 
drum. 


Auume that the dnim tipi: 
x » 1 ft 

(*lMo » 0; 100 (1) + P (j)(2) - P (j)(3) - 0 

P » 83.3 Ib 

Alf, = 0; - F + 83.3 (j) * 0 

F « 66.7tb 

+ ÎIF, « 0: N- 100 - 83.3 (jj » 0 
N - 150 Ib 

> 0.6(130) > 90lb > 66.7 OK 

Dnun ûps as assumed. 

P ■ 83.3 Ib Am 



I \ootk 


8-18. The drum has a weight of 100 Ib and rests on the 
floor for which the coefficient of static friction is n s = 0.5. 
If a = 3 ft and 6 = 4 ft, determine the smallest magnitude 
of the force P that will cause impending motion of the 
drum. 


Airame Aet ttae drum slips : 

F » 0.5 N 

Al F, »0; - 0.5/9+ T’(j)» 0 

+ T ZF, - 0; - P m - 100 + N » 0 

P - 100 0) 

N - 160 Ib 

(+IAfc - 0-, 160« + 100 (|)d î) " 1<» » 0 

x » 1.44 ft < 1.5 ft OK 
Drum slips tt asmmrd 

P - tOOlb Ans 



| tooib 





_ 


o 
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w*^9Jsaró8%0ef{fcfóÇ0^tí t ÌÇfï'f ricti on between the shoes 
at A and B of the tongs and the pallet is \ = 0.5, and 
between the paliet and the floor t± s = 0.4. If a horizontal 
towing force of P = 300 N is applied to the tongs, 
determine the largest mass that can be towed. 




Chain: 


+ ÎEF, = 0; 

2T sin60° - 300 = 0 Y 


3oos) 

T = 173.2 N 

Tongs: 


(^ + LMc =0; 

-173.2 cos60°(75) - 173.2 sin60 < '(50) + ff*(75) - F t (20) = 0 

F = #tN; 

F t = 0.5JV, F. 


Cratc: 

UïF, - 0 ; 
F = pN-, 

+ ÎEF, » 0; 


F Á = 107.7 N 

F = 2(107.7) = 215.3 N 
F = 0.4 N 
N = 538.3 N 
IV = 538.3 N 
538.3 



173.3 n 

20xn 


3(107.*?)H - 


.[±3 


= 54.9 kg Ans 


*8-20. The pipe is hoisted using the tongs. If the 
coefficient of static friction at A and B is [i Sì determine 
the smailest dimension b so that any pipe of inner 
diameter d can be lifted. 



w 

í'jS H.N, 


„ W d W 

(. *™c - 0: - N Á (h) + *(-) = 0 




W w 
2 


* s 


, h d 
b £ — + - 
4, 2 


. * 4 

b - — + r 
4, 2 


‘cH"" 
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weight W the man can f , 
l.ft w,th constant veloc.ty using the pulley system, without U) 
and then w.th the “leading block” or pulley at /t.The man +Tj ^ = 0; 
has a we.ght of 200 Ib and the coefficient of static friction 
between his feet and the ground is = 0.6. ^ - 0; 


jsin45° + N - 200 = 0 


- jcos45° + 0.6 A. = 0 



W = 318 lb Aqs 




■taj = 0; 


-*1F X -- 0; 



«' = 360 Ib Ans 


8-22. The uniform dresser has a weight of 90 lb and rests 
on a tile floor for which ju v = 0.25. If the man pushes on 
it in the horizontal direction 8 = 0°, determine the 
smallest magnitude of force F needed to move the 
dresser. Also, if the man has a weight of 150 Ib, determine 
the smallest coefficient of static friction between his shoes 
and the floor so that he does not slip. 




+ î£f y = 0; 


N d - 90 = 0 


N„ = 90 lb 


= 0 ; 


F- 0.25(90) = 0 


+ ÎI£ =0; 


F - 22.5 lb Ans 


- 150 = 0 


AL = 150 lb 


-22.5 + fi m (150) = 0 


fi m =0.15 Ans 
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a weight of 90 lb and rests 
on a lil e íloor for which m, = 0.25. If the man pushcs on 
it ìn the direction 0 = 30°. determine the smallest 
magnitude of force F needed to move the dresser. Also. 
if the man has a weight of 150 Ib. determine the smallest 
coefficient of static friction benveen his shoes and the 
floor so that he does not slip. 


Drcsser: 

+ ÎÏF. = 0; 


-+ZF, = 0 ; 



Man: 

+ ÎIF = 0; 


->ZF, = 0; 


= 


*8-24. The 5-kg cylinder is suspended from two equal- 
length cords. The end of each cord is attached to a ring of 
negligible mass, which passes along a horizontal shaft. If the 
coefficient of static friction between each ring and the shaft 
is Hs = 0.5, determine the greatest distance d by which the 
rings can be separated and still support the cylinder. 


Friction : When the ring is on the verge to sliding along the rod, slipping wiU 
have to occur . Hence, F= ^N = 0.5 N. From the force diagram (T is the 
tension developed by the cord) 


N 




tan 9 =-- 2 

0.5 N 


e = 63.43° 


Geometry . 


d = 2(600cos 63.43°) = 537 mra 


Ans 
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v^. u s^enier i a a blo b gspoj j com iJ vertically by tiltin g n 

up and siidina ihe smooth pin A atong the vertical guide 
q When placed horizontallv. the bottom C then bears 
nlon» the edae of the guide, where p, = 0.4. Determine 
the largest dímension d which will support any apphed 
t'orce F without causing the board to slip downward. 


Top view 



+ ÎEÇ = 0; 
t. +ÎM„ =0; 


0.4AT C - F= 0 


~H6) + d(N c ) - 0.4JV ct 0.75) = 0 

N 

-0AN C (6) + d(N c ) - 0.4)V C (0.75) = 0 
= 2.70 in. Ans 



8-26. fhe homogeneous semicylinder has a mass m and 
mass center at G. Detcrmine the largest angle d of the 
inchned plane upon which it rests so that it does not slip 
down the plane.The coefficient ofstatic friction between 
the p'ane and the cyhnder is Mï = 0.3. A,so. what is the 
angle è for this casc? 




The senu cytinder is a two - force membcr : 
Since F = fiN 


0 = tan“*0.3 = 16.7° 


sin( 180° " sin 3 16.7° 



0.6771 = sìn^ 

^ = ° Ans 
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8-27. Car A has a mass of 1 .4 Mg and mass center at G. 
It'ear B exerts a horizontal force on A ol 2 kN,delermine 
if this force is great enough to move car A. The 
coeffieients of static and kin'etic friction hetween the tires 
and the road are / 2 , = 0.5 and fx k = 0.35. Assume B 's 
bumper is smooth. 



Slipping : 


-+ IjF x « 0; F - 2=0 


I 3. 7 54 4 U 



+ t LF = 0; N. = 13.734 kN 


« 0.5(13.734) = 6.867 kN > 2 kN 


(, +7M C = 0; 2(0.5) < 13.734(0.8) 




4 _JT'o.S*v\ 


Thcrrfore car will nol move. Ans 
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*8-28. A 35-kg disk rests on an inclined surface for 
which /x, = 0.2. Determine the maximum vertical force P 
that may be applied to link AB without causing the disk 
to slip at C. 


Equations of Equllibrìum : From FBD (a), 

^ + ZM, =0; />(500) -A, (900) = 0 A, =0.6667 P 


From FBD (b). 



+ ÎI/- =0 N r sin 60°-/v-sin 30°-0.6667/>-343.35 = 0 [1] 


£+ 1M 0 = 0; F c (200) - 0.6667/>( 200) = 0 


Friclion : If the disk ìs on the verge of moving, slipping would have to occur 
atpointC. Hence, F c = fi,N c = 0.2 N c . Subsdtutmg this valueinto Eqs.fl] 
and [2] and solving, we have 

/> = 182 N Ans 

N c = 606.60 N 


| ìOOmr 1 \ iOO > h'vi 

H C Aj 


3SCf60’34ò-ì9fi 


, k■i*0-66b7/> 


/ F " 

Nc U>) 


8-29. The crate has a W and the coefficient of static 
friction at the surface is /x,. = 0.3. Determine the 
orientation of the cord and the smallest possible force P 
that has to be applied to the cord so that the crate is on 
the veree of moving. 

Equations of Equilibrìum : 

+ N+Psin S-IV^O 



~+ ZF, = 0 ; Pcos9-F=0 


solvm" wc j e " ' SUbSDtUBn8 ^ ViUue ““ - m and 


P= _ w _ »>005 0 

«>s ®+0.3sin 8 ~ MS 6+0.3sin 8 

In order to obtain ths minimum P — -a 
'dd~ 


r2] Aie- 16.70°, dga -0.2873H>>o.-n,us, 8 = 16.70» wiU result fa a 
rmnunun P. 


g-oU jj” a -0-3co.9 1 

dB L(cos S+0.3sin S) 2 J 0 


sin S-0.3cos 9 = 0 
6= 16.70°= 16.7° 


<PP f i 


(cos e+0.3sin S) 2 + 2(sin 8 - 0.3cos 9) 1 ] 


(cos S+0.3sinS) J 


cos 16.70° + 0.3sin 16.70° ~ 0-287W> 
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*8-32. The semicylinder of mass m and radius r lies on 
the rough inclined plane for which é = 10° and the 
coefficient of static friction is /r, = 0.3. Determine if the 
semicylinder slides down the plane, and if not, find the 
angle of tip 6 of its base AB. 


Equations of Equilibrium : 



+ ÏM 0 = 0; 

F(r)-9.81msin 0^} = O 

[11 

-+ 1F, = 0; 

Fcos 10°-/Vsin 10° = 0 

[2] 

+ î ZF y = 0 

Fsin 10° + /Vcos 10° —9.81m = 0 

(31 


Solving Eqs.[l], [2) and [3] yields 

N = 9.661m 1.703« 

Q = 24.2° A 

Friction : The maximura frícdon force that can be developed between the 
semicylinder and the inclined plane is (F) M41 - ^N = 0.3(9.661«) 

- 2.898m. Since > F- 1.703«, the semicylinder will not slide 
down the plane. à 



radius ' B " - 

determine the smallest " rr ■ ^ Cl,natlon * = 15°, 



Equationi of Equilibrium : 

^+.Zf,=0; F-?9.&lms'm 15° = 0 F=2.539m 

^+lfŷ=0; 5f-9.81mcosl5° = 0 N = 9A16m 

Friction : If thc sonicylinder is on the verge of moving. slipping would h«ve to 
occur. Hence, 

F=tl,N 

1539m = n t (9.476m) 

fi, m 0.268 Ans 
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^^w.uEàêii^êH'i^rá i .Wog , 9^dt>.cbtrt 1 ^ designed to prcvent 
opcning thc dot>r. II the bracc forms a pin conncction 
under thc doorknob and thc cocfficicnt of static friction 
with tnc tloor is /t, = 0.5. dctcrminc the laraest lcncth L 
thc brace ctin liave to prcyent the door from beinsj 
opened. Neglcct thc weight of thc brace. 



The brace is a two - foroe menber. 

OdiiV _ ^L 1 - (3)2 
N = 5 

1.5 = fv- - (3)2 

L = 3.35 ft Ans 



8-35. Ilie man has a woight of 200 Ib, and thc coefficient 
of static friction between hts shoes and the floor is 
H, = 0.5. Determine where hc should position hís center 
of gravity Cì at d ìn order to excrt thc maximum 
horizontal force on thc door. VVhat is tliis force ? 



F m „ = 0.5 N = 0.5(200) = 100 lb 

-»££ = 0; P - 100 = 0; P = 100 Ib An 

t, = 0; 200(d) - 100(3) = 0 

d = 1.50 fl Ans 


ZOCl\ 

"5 




V 


W- 
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*8-36. The 80-lb boy stands on the beam and pulls on 
the cord with a force large enough to just cause him to 
slip. If (//.,)„= 0.4 between his shoes and the beam, 
determine the reactions at A and fi.The beam is uniform 
and has a weight of 100 Ib. Neglect the size of the pulleys 
and the thickness of the beam. 



3ft -4-4 n 


Equations of EquUibrium and Friction : Whcn thc boy ìs on the vcrge lo 
sUpping. tfien F a = (ft,) D N D = 0.4 N„. From FBD (a). 


+ Tl^=0; At 0 -T|Aj_8o = o 

-* ZF ‘ =°; 0 - 4 * o - î (^)=0 


Solving Eqs.(l] and [2] yields 


Hcnce, F B = 0.4(96.0) = 38.4 lb. From FBD (b), 


Ç+IM, =0; 100(6.5) + 96.0(8) -41.ó(j^j( 13) 

+ 41.6( 13) + 41.6sin 30°(7) -A, (4) = 0 
A y =474.1 lb = 474 lb 


-+£F;=0; S,+41.6^j-38.4-41.6cos 30° = 0 
B , = 36.0 lb 



F t 


<*) 
Ut'%-0!k 



it I 

ìo'j, 

^ —- i 

L ___ 


T*4/-6 ií ' ift \ 

r.b) 


+ ÎZF,*0; 474.1+41.6^)-41.6 

-41.6sin 30° -96.0— 100- B y =0 
B =231.7 Ib = 232 lb 
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8-37. The 80-lb boy stands on the beam and pulis with a 
force of 40 Ib. If (fi s ) n = 0.4 , determine the frictional force 
between his shoes and the beam and the reactions at A and 
fi.The beam is uniform and has a weight of 100 Ib. Neglect 
the size of the pulleys and the thickness of the beam. 



■ 3 ft —4-4 fi - 


Efilatloni of Equiltbrium and Friction : FromFBD(â), 


+ 1 ‘ iF r =0; /V o - 4 O^j -80 = 0 N d = 95.38 Ib 

-* 1F .= 0; F d ~ 40^j = 0 F 0 = 36.92 Ib 

Sinoe - (fij )N 0 = 0.4(95.38) = 38.15 lb > F 0 , ihcii the boy does 

no< Slip. Therefore. the fricóon force developed is 


From FBD (b), 


F d = 36.92 lb = 36.9 lb 


Ç+IM, =0; 100(6.5) + 95.38(8)-40^j(13) 

+ 40( 13) +40sin 30°(7) -A, (4) = 0 

A, = 468.27 lb = 468 lb 

-* ZF; = 0; B, +40^j-36.92 - 40cos 30“ = 0 

B, = 34.64 lb = 34.6 lb 

+ Î2/;=0; 468.27 + 40^ j-40 

-40sin30”-95.38-100 - 8, =0 
8 = 228.27 Ib = 228 Ib 




100 ib 


4û'k 1 

. _ é5k J 



rfrìMin 

B; 

zm 

-1 

* 
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have a wei g h t of 10 ]b a „ d 
6 lb, respectively. rhey are resting on the incline for which 
the coefficients of static friction are n A = 0.15 and = 
0.25. Determine the incline angle 0 for which both blocks 
begin to slide. Also fînd the required stretch or 
compression in the connecting spring for this to occur The 
spring has a stiffness of k = 2 Ib/ft 



Equatío*, of Equilibrium : Using the spring force fornrnU, F «tr 
= ir. From FBD (a), *' 

2* + F a -lOsin 0 = 0 j,j 

\+ZF,.=0-, N a — lOcos 8 = 0 (2] 

From FBD (b), 

^>^■=0; F, -Zr-6sin 9 = 0 (3] 

=0: Ai f -6cos0 = O 

[4] 

! ïïe “ 

ha ° c * ' *“ e values m, ° ^ ni, (2), [3] and [4] and solving, we 

6=10.6° x = 0.184 ft Anj 

N a = 9.829 Ib N, = 5.897 lb 


fep w £x. 


0 a.; 

< 9 , 6/6 




8-39. Two bl(Kks A and /i have a weighl of 10 Ib and 


Solving Eqs.fi), (2), [31. [4) and [5] y,elds 

6 = 8.531° n a = 9.889 lb F A = 1.483 Ib 
F, = 0.8900 Ib N, = 5.934 Ib 

sTtT'V" = Ï" N ‘ =a2î(5 - 934) = 148 3 lb>F„ blodc B does not 
Up Therefore, ihe above assumpnon u conecc Thus 

6 = 8.53° F a = 1.48 Jb T s = 0.890 Ib A „ 


* = 2 Ib/ft 


- -- =q....onum Suiae Blocfc 4 and B is e.ther not 

VCTge ° f m ° Vmg ' ‘b' S P™« fon* F.„ = 0. Frora FBD (a). 

movmg or on 


+^ EF t . =0: 

F a - lOsin 0 = 0 

11] 

l?lk 

=0; 

N a - lOcos 0 = 0 

[2] 

\lJ 

From FBD (b). 



+*ZF,.= 0; 

F t - 6sin 0 = 0 

[3] 


\+ZF r . =0; 

N, - 6cos 0 = 0 

14] 


Frio.ion : Assunung blodc 4 is on the verge of slippmg, tf,o, 


(a) 

f a 

= F, a N a =0.15 N a 

[5] 

í> ifc 

l 
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^^SÏRÌBSfiSÍffl^thlMSSïléaTbrce the man must exert 
on the rope in order to move the 80-kg crate. Also, \vhat 
is the angle 6 at this moment? The coefficient of static 
friction betvveen the crate and the floor is / j. s = 0.3. 


r n ì A 

Az/- = 0; 

0.3AT C - r sin» = 0 

(1) 

1 


+ ÎÏF, =0; 

N c + r cose - 80(9.81) = 0 

(2) 

1 
l - 


Pullcy: 



1 


rn 0 ; 

-20*30° + rcos45° + rsinO 

= 0 

M c 


+ Tl/ỳ =0; r«in30° + rsin45° - T'cos9 = 0 

Thus, 

T = 6.29253 V sin0 
T = 0.828427 T CO6 0 


-■a- - 


r = 0.82134 r (3) 
From Eqs. (1) and (2), 

N c = 239 N 
r = 550 N 
So that 

r - 452 N Ans 


-.-.V-Mfc 

Ir'.-aTsJc 


:-;n* 'Vv; 4 -" 

9- -F' r' 
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8-42. The triction hook is made from a fixed frame 
which is shown colored and a cylinder of negliaible P«per: 
weight. A piece of paper is placed between the smooth 
wall and the cylinder. If 6 = 20°, determine the smallest + ^ 
coefficient of static friction p at all points ot' contact so F _ 
that any weight W of paper p can be held. 



Cylinder: 
(, + ZMo = 0 ; 


= 0 ; 


+ ÎLE = 0; 


0.5 IV „ 

\cos20” + Fsin20°-— = 0 


sin20° - Fcos20° - 0.5 W = 0 


fi 2 sin20° + 2/icos20° - sin20° = 0 


yr'ỳ. —x 03^ 


fí = 0.176 Ans 


8-43. The refrigerator has a weight of 180 Ib and rests on 
a tile floor for which fi, = 0.25. If the man pushes 
horizontally on the refrigerator in the direction shown, 
determine the smallest magnitude of force needed to move 
it. Also, if the man has a weight of 150 Ib, determine the 
smallest coefficient of friction between his shoes and the 
floor so that he does not slip. 

Equaíion i o/ Equilibrium : From FBD (a), 

+ ÎIF, =0; 180 = 0 N = 180 ib 


-* ZF X =0; P-F= 0 [1] 

Ç+TM a = 0; I80(;r)-/>(4) = 0 [2] 

^riction : Assuming thc refngeraior is on thc verge of slipping, then F - fiN 
= 0.25 (180) = 45 Ib. Subsdtudng this value into Eqs.fl], and [2] and solving 
yields 

P = 45.0 lb x = 1.00 ft 

Since x < 1.5 ft, the refrigeraior does not dp.Therefore, the above assumpdon 
is correcL Thus 


From FBD (b), 

+ TlÇ=0; N m -150 = 0 N m = 150Ib 

-+ ZF, = 0, F m - 45.0 = 0 F m = 45.0 lb 
When the man is on the vcrge of siipping, then 

r. =n,'N m 
45.0 = M,'( 150) 

H,' = 0.300 




P -450 li 
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*8-44. The refrigerator has a vveight of 180 Ib and rests 
°n a tile floor for which = 0.25. Also, the man has a 
weight of 150 Ib and the coefficient of static friction 
between the floor and his shoes is /x, = 0.6. If he pushes 
horizontally on the refrigerator, determine if he can move 
it. If so does the refrigerator slip or tip? 

Equaîions of Equitibrium : From FBD (a), 

+ ÎI/ỳ=0; Af - 180 = 0 N = 180 lb 

-> ZF, = 0; P-F= 0 

Ç+IM a =0\ 180(ar) - P(4) = 0 

Fnction : Aísummg the refrigerator is on thc vcrge of slipping, ihen F= ftN 
= a25( 180) = 45 ib. Subsntutúig this vaiue imo Eqs.[l). and [2] and solving 

P=4S.O ib x = 1.00 ft 

Sincc j < LS ft, the refrigerator does not tip.lherefore. the above assumption 

is corrcct Thu5, the refrigerator slips. Ans 

Frora FBD (b), 

+ TXfJ=0; N m -150 = 0 N m = 150 Ib 

-+I.F I =0\ F m - 45.0 = 0 F m = 45.0 Ib 

í™* '+Z =/J ' N “ = °' 6( I50) = 90 0 lb > F .. then the man does not sUp. 
•nius. The man is cap.ble of moving tht refrigerator. Ans 



8-4S Thc wheel weighs 20 lb and rests on a surface for cvhnderA • 
rh 't ^ B f u °f’ A C ° rd wra PP ed arou nd it is attached to 

^ e l0 " lb horn °g eneous block. If the coefficient Assume siipping at b. f b =0.2 n, 
°f stat c fnctton at D ,s = 0.3, determme the smallest 
verttcal force that can be applied tangentially to the wheel UZW * =0; 
which wiií cause motion to impend. 


xu, 



í+ÏM d =0; 


F s + T = P 
F, =T 
N s = 20 + P 
N s =10 + 2(0.2N g ) 

N, = 33.33 lb 
F, = 6.67 Ib 
T = 6.67 lb 

P = 13.3 lb Ans 

F d = 6.67 lb 
N„ = 30 Ib 

(F 0 ) mm , = 0.3(30) = 9 tb > 6.67 lb 
(No slipping occuis) 

- 30(cc) + 6.67(3) = 0 

x = 0.667 lt < ~ = 0.75 ft 
(No Upping occurs) 


Fb . 


'N» 


UlU- 


(O.K!) 


h 

Nt 


(O.K!) 
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8-46. Each of the cylinders has a mass of 50 kg. If the 
coefficients of static friction at the points of contact are 
M.i = 0.5, fi/t = 0.5,)Li( = 0.5,and nn = 0.6,determine the 
couple moment M needed to rotate cylinder E. 


Equaxiom of Equilibrium : From FBD (a). 


-> 1F, = 0; 

o 

II 

& 

1 

ï? 

[ 1 ] 

+ ÎX/> =0 

N c + F d - 490.5 = 0 

[ 2 ] 

Ç+IM 0 = 0 ; 

Af-F c (0.3)-F o (0.3) = 0 

[3] 

Frora FBD (b), 




"a+Fb-N d =0 

[4] 

+ TX /5 =o 

N »~E t -F D - 490.5 = 0 

[5] 

^+ ZM, = 0; 

/Ì(0.3) + F,(0.3)-F D (0.3)=0 

[ 6 ] 


Fnotion : Assuming cyiúider E stips at pouus C and D and cylindci Fdoes not 
movc. thcn F c - n ir .N c = 0.5,V C and F D = h iD n 0 = 0.6 N„. Subsnmting 
thesc values into Eqs.fl], [2] and [3] and soivrng, wc havc 


” 377.31 N N d m 188.65 N 
M = 90.55 N ■ m = 90.6 N • m 


Ans 


If cylinder Fis on the verge of sUpping at pointA , thoi =íl, A N A = 0.5 N A . 
Subsdtutc this valuc tnto Eqs. [4], [5] and [6] and solving. we have 

tVa = 150.92 N N, = 679.15 N F, = 37.73 N 

Su.cc =H,,N, = 0.5(679.15) = 339.58 N > F,. cybndcr fdoes 

notmove. •n.ercfore the above assumpdon ts correct 




50 ( 9-50 '-tyO-5 a 
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*8-48. The beam AB has a negligible mass and thickness 
and is subjected to a triangular distributed loading. It is 
supported at one end by a pin and at the other end by a 
post having a mass of 50 kg and negligible thickness. 
Determine the two coefficients of static friction at B and 
at C so that when the magnitude of the applied force is 
increased to P = 150 N, the post slips at both B and C 
simultaneously. 



MembeMfi : 


h ?95 0 


UX M a = 0; 

-800(í) + N,(2) = 0 

A y 4 / 

«* r, ,. 

Post: 

N, = 533.3 N 

!n 6 

+ ÎI/ŷ -0: 

N c - 533.3 + 150(-) = 0 



5 

N c = 933.84 N 

,■>^0 

t+ï M ç =0: 

"(150X0.3) + Fg (0.7) = 0 

jl^.u 

1 ryso* 


F, = 51.429 N 

|| 0i3a v 

->^Fj = 0: 

4 

-(150) - F c - 51.429 = 0 

T r ' 

1 




Fc - 

68.571 N 



68.571 


Mc 

_ _ 

933.84 

= 0.0734 

N c 


a m 

m $ 

51.429 

_ A AO/C/f 



533.3 

* U.UV04 
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8-49. The block of weight W is being pulled up the 
inclined plane of slope a using a force P. ]f P acLs at 
the angle <p as shown, show that for slippìng to occur, 
P = W sin(a + $)/ cos (<p — 0) where $ is the angle of 
friction: 9 = tan -1 /r. 



t +D F x = 0; P cos 0 — W sin a — pN = 0 

+ f ÏFy=0; N — W cos ct + P sin0 = 0 

P cos <f> — W sin a — p( VV cosor - P sìn 0) = 0 

p = ( sina + /* c«sa \ 

V cos 0 + M sin 0 / 

Let \i = tan 9 

P = W ( ™ {a+l> ±\ (QED) 

\cos (#-»)) v 


8-50. Determine the angle tj> at whieh P should act on the 
block so that the magnitude of P is as small as possible 
to begin pushing the block up the incline. What is the 
corresponding value of P? The block weighs W and the 
slope a is known. 


From Prob. 8-49: 

P= w ( an(a-H>) \ 

V cos(0 - 9)) 

££ _ w ( sin(g +0) sin(0 - tf) \ _ 
f/0 V COS 2 (0-(y) / ~ 

sin(a + 0) sin(0 — 0) = 0 

sìn(a + 0) = () or sin(0 - 0) = 0 

a = —9 0 = 9 Ans 

P — W sin(a + 9) 

P = W sin(a + 0) Aas 
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8-51. The beam AB has a negligible mass and thiclcness 
and is subjected to a force of 200 N. It is supported at one 
end by a pin and at the other end by a spool having a 
mass of 40 kg. If a cable is vvrapped around the inner core 
of the spool, determinè the minimum cable force P 
needed to move the spool. The coefficients of statìc 
friction at B and D are = 0.4 and /t„ = 0.2, 
respectively. 

Equations of Equilibrium : From FBD (a), 

N, (3) -200(2) = 0 N, = 133.33 N 

From FBD (b), 

+ T Zfj = 0 N 0 - 133.33-392.4 = 0 N D = 525.73 N 

^ZF x =0, P-F„-F d = 0 

(+ LM d = 0; F, (0.4) - />(0.2) = 0 

Friction : Assuming thc spool slips at point B , then F B = B N B 
= 0.4( 133.33) = 53.33 N. Subsdtuting this valuc into Eqs.[l] and [2] and 
solvmg, wc havc 

F d = 53.33 N 

P = 106.67 N = 107 N Ai 

Since (F d ).„ =H, d N d =0.2(525.73) = 105.15 N > F B , the spooldoes 
not slip at poini D. Thercforc the above assumpdon is corrccL 


*— i m — 

— I m—»j 



—■— -ê, 

.J 

o.l m 'fi 



j ìrn j 


4CW) z 3îl4P 


O /rn 
0$rr\ 


*8-52. Block C has a mass «f 5(1 kg and is coníined 
betwccn two walls by smooth rollcrs. If the block rests on 
top of the 40-kg spool. determine the minimum cable 
force P needed to move the spool. The eable is wrappcd 
around the spool's inncr core. ITie coefficients of static 
friction at A and B arc /u /( = 0.3 and /u fl = 0.6. 



+ T LF y = 0; N, - 490.5 - 392.4 = 0 
N„ = 882.9 N 

1, + IM, =0; F Á (0.4) - F B (0.4) + «0.2) = 0 

-+2JÎ =0; -F a + P - F b = 0 

Assume spool sUps at A, then 

F A = 0.3(490.5) = 147.2 N 
Solving, 

F B = 441.4 N 
P = 589 N Ans 

N b = 882.9 N 

Since ( F b ) maI = 0.6(882.9) = 529.7 N > 441.4 N 


-+_ p 
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8-53. The uniform 60-kg crate C rests uniformly on a 
10-kg dolly D. If the front casters of the dolly at A are 
locked to prevent rolling while the casters at B are free 
to rotl, determine the maximum force P that may be 
applied without causing motion of the crate. The 
coefficient of static friction between the casters and the 
floor is /j.[ = 0.35 and between the dolly and the crate 
P,t = 0.5. 


h—0.6 m —h 



Equations of Equilibrium : From FBD (a), 

+ Î£/ŷ=0; Af rf -588.6 = 0 N d = 588.6 N 


*ZF X = 0; P-F d = 0 


(+IA/, =0; 588.6(x) -P(0.S) = 0 


From FBD (h), 

+ Î5^=0 N b +N á -588.6-98.1 = 0 

->ZF X =0; P-F Á =0 

£+&W s =0; N Á (1.5) — />(1.05) 

-588.6(0.95)-98.1(0.75) =0 

Fnc'ion : Assuming the crate shps on doUy, then F d = p sd N d = 0.5(588.6) 
294.3 N, h ubstjtuting this value ,nto Eqs. [1] and [2] and solvtng, we have 

P= 294.3 N x = 0.400 m 

Smee ,r >0.3 m, the crate Ups on the dolly. If thjs is the case x = 0.3 m. 
Solvmg Hqs.[l] and [2] with x = 0.3 m yields 

P= 220.725 N = 221 N 
F d = 220.725 N 

Assunting the dolly sltps at/1, tíien F Á = ^ f N A = 0.35N,. Substítuting this 
value into Eqs. [3], [ 4] and [5] and solving, we have 

N a = 559 N N b = 128 N 

P= 195.6 N = 196 N ( ConîroU ) Ans 


6o(ŷ-6i)=538'(>rf 
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8-54. Tvvo blocks A and B, each having a mass of 6 kg, 
are connected by the lìnkage shown. If the coefficients of 
static friction at the contacting surfaces are /i..\ = 0.2 and 
/t B = 0.8, determine the largest vertical force P that may 
be applied to pin C without causing the blocks to slip. 
Neglect the weight of the links. 


Equations of Equilibrium: From FBD (a), 

+ T. Fy = 0; Tb cos i 5° - P sìji 45° = 0 T B = 0.7321 P 

+ T F y ' = 0; T a + 0.732 1 P sìn i 5° - P cos 45* = 0 

T a = 0.5176 P 



From FBD (b). 




y' 

Jb x > 


+ t ZF y ■ =0; 

N Á — 0.51767* sin45° 

- 58.86 = 0 

m 

t,\ 45®. 

3° 

6(9.81) = 58.86 N 





1 A 


I 

-i Y.F, = 0 ; 

0.5176P cos45 u - F A 

= 0 

12) 



T _ 

From FBD (c). 




/ 

4S\ 

f a \ 

+ t EF y = 0; 

N b - 0.7321 Psin 60° 

- 58.86 = 0 

[3.1 


'p 

N a T a = 0.5176 P 


-> T F x = 0; F tí - 0.7321 P cos 60' =0 [4] 

Friction : Assuming block A slips, then F A — = 0.2N Á . 

Substituting this value into Eqs. 11J, |2), (3) and [4] and solving, 
we have 

P = 40.20 N = 40.2 N Ans 

N a = 73.575 N N b = 84.35 N F B = 14.715 N 

Since (F*) inax = = 0.8(84.35) = 67.48 N > F a . block 5 

does not slip. Therefore, the above assumption is correct. 


(a) 

6(9.81) = 58.86 N 





□ 

n 

60 °' 



T b = 0.732 ÌP N tì 

(c) 


8-55. The uniform beam has a weight W and length 4a. 
It rests on the fixed rails at A and B. If the coefficient of 
static friction at the rails is /+, determine the horizontal 
force P, applied perpendicular to the face of the beam, 
which will cause the beam to move. 

From FBD (a), 

+ tSF = 0; N a + N„ -W=0 
^+ZMb= 0; — /V.,(3u) +- W(2«) = 0 



Na=-W N„ = -W 

Support A can sustain twiee as much static frictional force as support 
B. 


From FBD (b), 

+ f SF = 0; P + F b -F a = 0 
^ +-E M b = 0: - m«) + F',,(3n) = 0 


4 


r ‘=ì p 




-V, W N„ P F„ 

(a) Side view (b) Top view 

The frictional load at A is 4 tirnes as great as at B. The beam wj)l 
slip at A first. 

P = t (F Á ) m ox = ~(PsN a ) = ^ (J. s W Ans 
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♦8-56. The uniform 6-kg slender rod rests on the top 
center of the 3-kg block. If the coefficients of static 
friction at the points of contact are i±a = 0.4, p. B = 0.6, 
and /j, c = 0.3, determine the largest couple moment M 
which can be applied to the rod without causing motion 
of the rod. 


Equations of Equilibrium : From FBD (»), 


-+1F X =0; 

II 

o 

[1] 

+ ÎZF, =0; 

N,+F c - 58.86 = 0 

[2] 

+ 1M, =0; 

F c (0.6) +N C (0.8) -A/-58.86(0.3) = 0 

[3] 

FBD (b), 



+ T ZF r = 0; 

N a -N,- 29.43 = 0 

[4] 

A 1F X = 0; 

1 

II 

o 

[5] 

+ 1M 0 = 0; 

F, (0.3) -N,(x)~ 29.43 (jr)=0 

[61 


Friction : Assume slipping oecurs at point C»nd the block tips, then 
p c ~ M, C N C = 0.3N C and x = 0.1 m. Subsútuting these values into Eqs.[l), 
[2], [3], [4], [5] and [6] and solving, we have 

M= 8.561 N • m * 4.56 N ■ m Ans 

N, = 50.83 N N Á = 80.26 N F, = F, = N c = 26.75 N 

Since ( F a )„ 41 - it âA N A = 0.4(80.26) * 32.11 N > F A , the block docs not 
slip. Also. (F,).„ =M,,N, = 0.6(50.83) - 30.50N > F,, then slippmg 
does not occur at point B. Therefone, Ihe above assumpúon is conect 


toLnX“Tre r topTfí h PUSheS H the UnÌf ° rm b ° ard 

a uniform we,gh o ZT*' ^ board has 

of 1S Ih nnH g J b/ft ’ d the saw horse ha s a weioht 
ot 13 lb and a center of eravitv ar r n-» ■ e ° nt 

tricta are ahow„ i „\i fi ’"' ^ 







0-}n 


0+ 


h 


~ì(m-Z9-4ì n 

6 


(^ + EAf, = 0; -54(9) + 1V(10) = o 

N = 48.6 lb 

T° «use slippiog of board on saw horse : 
p * = K„ = 0.5 N = 24.3 lb 
Saw horse: 

To cause slipping at ground : 

p ’ = F ~ F mu = 0.3(48.6 + 15) = 19.08 Ib 
To cause tipping: 

(. + Z M, = 0; (48.6 + 15)(1) - ^(3) = 0 

P, = 21.2 lb 

Tt>us, P x = 19.1 lb Ans 

The saw horse will start to slip. 
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*8-60. The 45-kg disk rests on the surface for which the 
coefficient of static friction is p. A = 0.15. If M = 50 N • m, 
determine the friction force at A. 


- 300 mm —- 

r. ^ 


400 mm 



Bar: 

t+XAf c =0; 

= 0; 
+ ÎXÇ = 0; 
Disk: 

-+3 = 0; 

+ flf, = 0; 
i.+JM a = o; 


- B, (0.4) + 50 = 0 

B, = C, 

B, =C, 


S0 H-m 


03i 


B, = f.\ 

N Á - B, - 45(9.81) = 0 
S r (0.125) - 5(0.125) = 0 
N a = 512.9 N 
*■i = 71-4 N Aní 

tíi).= = 0.15(51Z9) = 76.93 N > 71.43 N 
No raouoo 0 f diiic. 


4S(T.*l)H 
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8-61. The end C of the two-bar linkage rests on the top 
center of the 50-kg cylinder. If the coefficients of static JotntS: 
friction at C and E are N'C = 0.6 and — 0.3, determine 
the largest vertical force P which can be applied at B » 0; 

without causing motion. Neglect the mass of the bars. 

P 



F cl jin60° - P = 0 
F c , =1.1547 P 

Since (F c )„„ = 0.6F > 1.1547F cos60“ > 0.5774F 
Bar will not slip at C. 

+ î = 0; N s - 1.1547Fcos30° - 490.5 = 0 
N s = 490.5 + F 

^+TF, =0; Ji - 1.1547sin30° = 0 
F k = 0.5774F 

<.+ TMo =0; -490.5(x) - l\x) + 0.5774F(0.2) = 0 

Assumc tipping. 
x = 0.05 m 
P « 375 N 
F e = 216 N 
N e = 865 N 

( Fs)m « = 0.3(865) =259 N > 216.5 N (O.KÎ ) 

AtC, 

(0.6)(375) = 225 > 0.577(375) = 216.4 (O.K!) 

Cylinder Ups, 

P = 375 N Ans 



Ft 


Su 


1.15+7P 

o.rrpp 

~W.5N 
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8-62. Determine the minimum applied force P required 
to move w edge A to the rìght. The spring is compressed 
3 distance of 175 mm. Neglect the weight of A and fl.The 
coefficient of static friction for all contacting surfaces is 
= 0.35. Neglect friction at the rollers. 


Rquatiou of Equilibrium and Friction : Using thespring formuls, 

= = 15(0.175) = 2.625 lcN. If the wedge is on the verge of moving to 

the right, then slipping will have to occur at both contact surfaces. Thus, 

F * =i*, N *= 0-35 N, and F, = i*,N, = 0.35 N,. From FBD (a), 

+ T ZF r = 0; N, - 2.625 = 0 N, = 2.625 kN 

Frora FBD (b), 

+ T I/ỳ = 0; N Á cos 10° - 0.35 N, sin 10” - 2.625 = 0 
N Á = 2.841 kN 

±>ÏF, =0; F - 0.35 (2.625) - 0.35 (2.841) cos 10” 

-2.841sin 10” =0 
F = 2 39 kN Am 


k= 15 kN/m 







rte- z-t20K0Ì 
| F,--0 -25N t 

ZZj o» 


I r * z0ì5 ^ \; 


8-63. Determine the largest weight of the wedge that 
can be placed between the 8-lb cylinder and the wall 
without upsetting equilibrium. The coefficient of static 
friction at A and C is = 0.5 and at B, M ', = 0.6. 


Equatiani of Equilibrium : From FBD (a). 


/MÊÈÊk$~ 


—r ZF t = 0; 

N, cos 30”-F,cos 60° -N c = 0 

[1] 

F B> 

rf 

+ tLF r =0; 

N, sin 30” + F, sin 60” + F c - W = 0 

[2] 



Frora FBD (b), 



Nl» 

x \ 

+ ÎI/ŷ =0; 

N A -N,s in 30”- sin 60”-8 = 0 

[31 



-^S F x =0; 

F Á +F,cos 60°-N,cos 30” = 0 

[4] 


ôib 

■ 

(+ZM o = 0; 

F, (0.5) (0.5) = 0 

[5] 




Fnction : Assume slippuig occurs at potnts C and A , then F c = q,N c 
= 0.5 N c and F, = n t N, = O.SN Á . Subsdtuting these values into Eqs.(l), 

[2J, [3J, [4], and [5] and solving, wc havc 

W = 66.64 lb = 66.6 lb Ans 

N, = 51.71 lb N Á = 59.71 Ib F, = N c = 29.86 lb 

S (■ F ,) = M . 'N, = 0.6 (51.71) = 31.03 lb > F, , slipping does not 

occur at point B. Therefore, the above assumption is correct 



512 




www.usacingenieria.blogspot.com 

♦8-64. The wedge has a negligible weight and a 
coefficient of static friction ix s = 0.35 with all contacting 
surfaces. Determine the angle Q so that it is “self-loclcing." 
This requires no slipping for any magnitude of the force 
P applied to the joint. 



Fnction : When the wedgeis on the vergeof slippìng, then F = ftN =0.35 N. 
From the force diagram (P is the' locking' force.). 


JZSi 


e 0.35 N 

un^ —= °.35 


, F=o-iSH 




8-65. If the spring is compressed 60 mm and the 
coefficient of static friction between the tapered stub S 
and the slider A is fi SA = 0.5, determine the horizontal 
force P needed to move the slider forward. The stub is 
free to move without friction within the fixed collar C. 
The coefficient of static friction between A and surface 
B is n AB = 0.4. Neglect the weights of the slider and stub. 


’s ^Y'(o.ri) 
1—’"■*! 


k - 300 N/m 


+1 = 0 ; 


+ 1 ZF = 0 ; 



1| 


i .• I 

A- < 1 

1 ' : 

.... i 


N * cos30° - 0.5W, sín30° - 300(0.06) = 0 
N t = 29.22 N 

N, - 29.22 cos30° + 0.5(29.22) sin30” = 0 
N = 18 N 

P - 0.4(18) - 29.22 sin30° - 0.5(29.22) cos30° = 
P = 34.5 N Ans 



r 
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8-66. The coefficient of static friction between wedges 
B and C is /ij = 0.6 and between the surfaces of contact 
B and A and C and D , /j.' s = 0.4. If the spring is 
compressed 200 mm when in the position shown, 
determine the smaliest force P needed to move wedge C 
to the left. Neglect the weight of the wedges. 


k = 500 N/m 



->LF, - 0; N S1 - 0.6A/, c cosI5° - /V sc sinl5°= 0 
r ÎEF, =0; N, c cosl5° - O.áA'jcSÍnlS” - 0.4 N Á , - 
N bc = 210.4 N 
N Á . = 176.4 N 


0AN a , - 100= 0 CH, 1 




-‘10.4N 

\ 0.tC3J0>)N 




+ ÎH/^ 0, N cd cos15° 0.4N CD sínl5° + 0.6(210.4)sinl5° - 210.4cosl5° = 0 
N cd = 197.8 N 

= 0; 197.8sinl5° + 0.4( 197.8)cos 15° +210.4sinl5° + 0.6(210.4)cosl5° -P= 0 

P = 304 N Ans 


8-67. The coefficient of static friction between the 
wedges B and C is fj. s = 0.6 and between the surfaces of 
contact B and A and C and D , fj.' s = 0.4. If P = 50 N 
determine the largest a!lowable compression of the spring 
without causing wedge C to move to the left. Neglect the 
weight of the wedges. 


k = 500 N/m 


15°§ 



D 

’ïï'Y 


Wedge C: 
Al/r = 0; 
+ ÎZ/) = 0; 

Wedge B : 

= 0 ; 

+ ÎL£ = 0; 


(N cd + /V, c )sinl5° + (0.4/V CD + 0.6 /V, c )cos15° -50= 0 
(N cd - /V, c )cosl5° + (~0.4 /V cd + 0.6/V, c )sinl5° = 0 
/V, c = 34.61 N N " 

Vp 

N cd = 32.53 N 


n ab - 0.6(34.61)cos 15° - 34.61sinl5°= 0 50£>I 

O.+sfce j 

N Á , = 29.01 N 9« -+|[^5ÌCI(3+.ÌIM 

34.61cosl5° - 0.6(34.61) sìn 15° - 0.4(29.01) - 500+ = 0 
+ = 0.03290 m = 32.9 mm Ara 
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*8-68. The wedge blocks are used to hold the specimen 
in a tension testing machine. Determine the design angle 
6 of the wedges so that the specimen will not slip 
regardless of the applied load. The coefficients of static 
friction are y. A = 0.1 at A and jxg = 0.6 at B. Neglect the 
weight of the blocks. 



Specìmcn: 

+ ÎE/ỳ =0; 
Wedge; 

Aïi; = 0; 

+ Î£lV = 0: 


*-í 


N a cosô - O.lArsine - -3. = o 
0.6 U 


O.lA^cosO + Msin 9 - - = o 
2 


p = ZA'+tO.lcosO + sinfl) 

0.6N Á (cosB - O.lsinO) - n a (O.lcosO + sin9) = 0 
0.5cos0 - 1.06sin0 = 0 


F * j-/ 6 

% —«-irp— n. 


Y ! r 

* AJt* 


0 = t “ ,( TÍiï ) = 25 - 3 ° 


Ans 


8-69. fhe beam is adjusted to the horizontal position by 
means of a wedge located at its right support. If the 
coefficient of static friction between the wedge and the 
two surfaces of contact is = 0.25, determine the 
norizontal force P required to push the wedge forward. 
Neglect the weight and size of the wedge and the 
thickness of the beam. 


300 Ib 



Jcolb 


Efuation of Equilibrium and Fricion : If ihe w«Jge is on Ihe verge of 
movmg to the righf *en slippmg will have lo occur a. boih coma« surfaces. 
Thus, F b - ri.A's = 0.25 N A and F c = Ui N c = 0.2SN C . From FBD (a), 


Ax. 


f^-0 I5bi b 






zft 




'+Hf A =0; 
From FBD (b), 

+ ÎZF =0; 


N t (8) -300(2) =0 N, =75.011 


A’ c sin 70° - 0.25A' c sm 20° - 75.0 = 0 
N c = 87.80 ib 


t,CL) 


N, 


>ZF, =0; />-0.23(75.0)-0.25(87.80)cos 20" 

-87.80cos 70° = 0 
P = 69.4 lb AnJ 



515 



516 



www.usacingenieria.blogspot.com 

8-73. The square-threaded screw has a mean diameter 
of 20 mm and a lead of 4 mm. If the weight of the plate 
A is 5 Ib, determine the smallest coefficient of static 
friction between the screw and the plate so that the plate 
does not trave! down the screw when the plate is 
suspended as shown. 



Frictional Forces on Screw : This requuts a 'self-loeking" serew where 
^ ì e.Here. 9 =un-'(±) = «an-'[^] = 3.643-. 

4, = tan*')i, 

* tan 0, whcrc 0, = 6 = 3.643° 

= 0.0637 Ant 


8-74. The square threaded screw of the clamp has a 
mean diameter of 14 mm and a lead of 6 mm ]f£ =02 

"'n m d re r dS ’ 3nd L he ‘ 0rqUe aPP ' Ìed ‘° the ha " dle is 

m, determme the compressive force Fon the b!ock 


Frictional Forces on Screw : Here, 9 = “n *' [r- ì = •»-' ír-srl" 7.768", 

\2isr) (_2>r(7) J 

W = Fand 4, = tan-'q, = tan' 1 (0.2) = 11.310». Applying Eq.8-3, we have 
M - W'rtan( 0 + 0) 

1.5 = F(0.007)tan(7.768°+ 11.310°) 

F- 620 N Ans 

Note : Sinee 4, > 9, the serew is self-locking. It will notunscrew even if thc mome 
is removcd. 
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8-75. The device is used to pull the battery cable 
terminal C from the post of a battery. If the required 
PuHing force is 85 Ib, determine the torque M that must 
be applied to the handle on the screw to tighten it. The 
screw has square threads, a mean diameter of 0.2 ìn., a 
lead of 0.08 in., and the coefficient of static friction is Kl ’= 


| M 



M = Wrun( d + 

= 85 (0.1) lan (7.256° + 26.565°) 


Note : Since > S , the screw LS self- loctung. It w01 not unscr=w even the moment 
is nemoved. 
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8-76. The automobile jack is subjected to a vertical load 
of F = 8 kN. If a square-threaded screw, having a lead of 
5 mm and a mean diameter of 10 mm, is used in the jack, 
determine the force that must be applied perpendicular 
to the handle to (a) raise the load, and (b) lower the load; 
/i, = 0.2. The supporting plate exerts only vertical forces 
at A and B, and each cross !ink has a total length of 
200 mm. 




Equationt of Equilìbrium : From FBD (a). 

Ç+1M C = 0; 8(jr)-£> y (Zr) =0 D y = 4.00 kN 

From FBD (b), 

Ç+IM Á =0; F,( 2*)-8(x)=0 F,=4.00kN 

From FBD (c), 

Ç+1M C = 0; D x (O.lsin 30°) -4.00(0.2cos 30°) =0 
A = 13.86 kN 

MembcrDFis a two force membcr. Analysing the forces thatact on pinD[FBD (d)], 
we have 

+ Tl/ŷ=0; /ì, f sin 30°-4.00 = 0 ^ = 8.00104 

=0; /*'- 13.86-8.00cos 30° = 0 P’ = 20.78 kN 

Frictional Forces on Screw : Here, 9 = tan ~ 1 í— ì = tan" 1 r_-L_l = 9.043°, 

\2ttrJ [2rt(5)J 

W = P' = 20.78 kN, M = 0.4P and tp, = tan'V, = tan"'(0.2) = 11.310°. Applying 
Eq.8-3 if the jack is raising the load, wehave 






X. 

x 



[_/ 


•. "V 

X. 

X 


0 ' / 

h 


M = H'rtan(0+p) 

0-4F = 20.78(0.005) tan(9.043°+ 11.310°) 

P = 0.09638 kN = 96.4 N Ans 

Applying Eq.8-5 if thejack is lowering the load, we have 

M" = Wrtan(p - 9) 

0.4P = 20.78(0.005) tan(11.310° - 9.043°) 

P = 0.01028 kN = 10.3 N Ans 

Note : Since ỳ, > 9, the screw is self-locldng. tl will not unscrew even if force P 
is reraoved. 


\F b *4-okh 


lútlìSm'o-ICeíio’mì 


í> h - 4-D kri 


12-86 & 
-rr jF- 
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f° rce on the board A if 

7=Tn „ ™ ? c amp is tightened with a tw<st °f 

Z A . m ' T 16 Sln 8 le square-threaded screw has a 

SSt" ó e 35 ° f ^ and ^ C ° effiClent 


bêlô n'Ì reqU ' red clam P' n g force at the board A is to 

?: hat must be apphed s 

square-threaded screw has a ° ‘ 8htenit d ° Wn The Sln g le 

of3 mm ,andthecSSSSS“ 

M 




#, = lan"'(0.35) = 19.29« 

e r = taif'í—-—] _ , 7U „ 

L 2te( 10) J ~ 2 - 734 

M = »'(r)taa( < >, + e)(> ) 

8 = rXO.Ol) tan( 19.29« + 2 . 734 ») 

P = 1978 N = 1.98 kN a 


*, = tan '(0.35) = 19.29° 

6 p = tan -1 (-—) = tan _1 í—-—] = 2 734» 

2*r [2n( 10) J ^ 

M = W(r)tar(<p t + 0 p ) 

= 50(0.0!) tan( 19.29°+ 2.734°) = 0.202 N m 


ÎJj k S . haft has a s q ua re-Ihreaded screw with a lead 

w!th a n a n t “ ° f 15 mm - ' f ” ' s m contac, 

I . . P 1 gear havln g a mean radius of 30 mm 

eglect friction of the bearings located at A and B. 


Frictional Forces on Scrcw : Hcrc, 9= lan f-L] = »„-■ f 8 ] 

^.^N.toand*,^ - tan' 1 (0 21 M 3,n« 

we havc M ‘ (° 2) = 11.310°. Applying Eq.g-3. 


M = Wrtan(9+^) 

7 = f r (0.015)tan(4.852°+ 11.310°) 
F= 1610.29 N 


Notc : Since tp t > 9, thc scrcw is sclf- locldng. It wil 
is rcmoved. 

Equations of Equilibrium : 


will not unscrcw even if force F 


+ ZAf o _0; 1610.29(0^03) _^ _ q 

M = Ans 



f rllelO l') fJ 
I fC-Oim 
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*8-su. rne r)raKing%fecnanism consists of two pinned 

arms and a square-threaded screw with left and right- 

hand threads.Thus when turned, the screw draws the two 

arms together. If the lead of the screw is 4 mm, the mean 

diameter 12 mm, and the coefficient of static friction is 

/i, = 0.35, determine the tension in the screw when a 

torque of 5 N ■ m is applied to tighten the screw. If the 

coefficient of static friction between the brake pads A and 

B and the circular shaft is /i', = 0.5, determine the 

maximum torque M the brake can resist. 



Frictionaì Forces on Screw : Here, 6 = ttn j = = 60î7 °’ 

M = 5 N • m and = an''/í, = an''(0.35) = 19.290°. Since frictìon at two $crews 
must be overcome, then, W = 2P. Applying Eq.8 - 3, we have 


M= Wnan(S+ŷ) 

5 = 2/>(0.006) tan(6.057°+ 19.290°) 

P = 879.61 N = 880 N Ana 

Note : Sincc Q, > 6, the screw is self * locldng. It will not unscTew even if raoinent 
M is removed. 

Equations of Equilibrium and Friction : Since the shaft is on Ihe verge to rotAlc 
about point O, then. F A = /i,W„ = 0.5 N A and F, = p.’N, = 0.5 N,. From FBD (a) , 

Ç+ ZM d = 0; 879.61 (0.6) - N, (0.3) =0 N, = 1759.22 N 

Frora FBD (b), 

f + ÎM 0 = 0; 2 [0.5 (1759.22)] (0.2) -M = 0 M= 352N-ra Ani 




fï m O-9(5&ô-44) 


fco-5 C/7S1 Z/K l) 

a Ì t -f75l£z-l4 


8-81. The fixture clamp consist of a square-threaded 
screw having a coefficient of static friction of /x* — 0.3, 
mean diameter of 3 mm, and a lead of 1 mm. The five 
points indicated are pin connections. Determine the 
clamping force at the smooth blocks D and E when a 
torque of M = 0.08 N • m is applied to the handle of the 
screw 

Frictional Forces on Screw : Hcre, 6 = tan 1 = ^ 1 

=* 6.057°, W = P, M = 0.08 N ra and * tan‘V, = tan' 1 (0.3) = 16.699°. 

Applying Eq. 8 - 3. we have 

M= IVrtanfe+ŷ) 

0.08 = F(0.0015)tan(6.057°+ 16.699°) 

/>= 127.15 N 

Note : Since 9, > 6, the scrcw i$ self-loclting. It will not unscrcw even if 
moraent M is removed. 

Equaiion of Equilibrium : 

Ç+lMc =0; 127.15cos 45°(40) -f £ cos 45°(40) -F e sin 45°(30) = 0 
* F c = 72.65 N = 72.7 N Ans 

The equilibriura of daraped bloclc rcquires that 

F d - F £ - 12.1 N Ans 


\^° B 



\ 

■ 2 * v' 

ifjl 


; 


\\ i 




c j 

w. 



oŷ 

nm-- 

T-40 mm-- 


M = 0.08 N m 



P = I27-I5aJ 
|V45'Î 
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8-82. The clamp provides pressure from several 
directions on the edges of the board. If the square-threaded 
screw has a lead of 3 mm, radius of 10 mm, and the 
coefficient of static friction is /j. s = 0.4, determine the 
horizontal force developed on the board at A and the 
vertical forces developed at B and C if a torque of 
M = 1.5 N • m is applied to the handle to tighten it further. 
The blocks at B and C are pin-connected to the board. 



4, = tan _1 (0.4) = 21.801° 



M = W(r) taa($ t + $ p ) 

l.s = /t,(0.01)uu<21.8Ol° + 2.734°) 

A . = 328.6 N Ans 

->2^=0; 328.6 - 2T cos45° = 0 

T = 232.36 N 

B ’ ~ Çr ~ 232.36sin45° = 164 N 
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8-83. A turnbuckle, simìlar to that shown in Fig. 8-18, is 
used to tension member AB of the truss. The coefficient of 
the static friction between the square threaded screws and 
the turnbuclde is )i s = 0.5. The screws have a mean radius 
of 6 mm and a lead of 3 mm. If a torque of M = 10 N ■ m 
is applied to the tumbuckle, to draw the screws closer 
together, determine the force in each member of the truss. 
No extemal forces act on the truss. 



Frictiunal Forces on Screw: Here, 0 = tan 1 ( -— ( — tan 1 j — 1 

\2 nr ) |_ 2 tt(6 > J 

— 4.550°. M = 5 N - m and 0, = tan“' u, = tan -, (0.5) = 26.565°. 
Since friction at two screws must bc overcome, then, VV = 2F AB . 
Apptying Hq 8-3, wc have 

M — \Vr tan(6 -t- 0) 

10 = 2f'a«t0.006)tan(4.550° + 26.565°) 

F áb = 1380.62 N (T) = 1.38 kN(T) Ans 

Note: Since 0, > t), the screw is self-locking. It will not unscretv 
cven if moment M is removed. 

Mcthod of Joints: 

Joint B 


• ZF, = 0; 1380.62 


(ï)" Fí0=< 


F bii = 828.37 N(C) = 828 N (C) Ans 
F BC - 1380.62 ì = 0 


+ f£f, = 0; r sc - 1380.62 ^í) =0 

F„ c = 1104.50 N (C) = 1.10 kN (C) Ans 


Joint A 

-.16, = 0; F m - 1380.62 )= 0 

Frc = 828.37 N (C) = 828 N (C) Ans 
t £ F y = 0; 1380.62 Q) -6,i D = 0 


Fm, = 1104.50 N (C) =1.10 kN (C) Ans 

Joint C 

-i r 6 = 0; F cd ( ^ - 828J7 = 0 

Fcd = 1380.62 N (T) = 1.38 kN (T) 

+ t £6, = 0; C, + 1380.62 (^) ~ 1104 - 50 = 0 

C v =0 (A 'o external applied load. chech !) 


B 

Fbd 



Fltc 

Fab- 1- 

F ab = 1380.62 N 

f ad 

Fac 

A 

F bc = 1104.50 N 


C‘ 

Fal'* 8 

Cy 
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,us^n Ì9( i^ Wé co ffii|ar ^ (hat shQwn , n 

.s useci to tension member ofthe truss.TTte coefficient’ 
of tite stut'c friction between the square-threaded screws 
and the turnbucfcle is = 0.5. The screws have a mean 
radms of 6 mm and a lead of 3 mm. Determine the torque 
M which must be applied to the turnbuckle to draw!he 

TON S isd Ser > t08 !! her ’ S ° ‘ hat thC com P ress > ve force of 
MX) N is developed in member BC. 



Method of Joints : 

Joint B 

+ ÎZF, =0; 500-F áb ^ j = 0 F Á , = 625 N (C) 

Frictional Forces on Screws : Hcrc, 6= tan “’í—tan^í— -— 1 

U m) [2n(6) J 

= 4.550°, W=5N-ra and = tan" 1 (0.5) = 26.565°. Since friction at 

two screws raust be overcome, then, W = 2F AB = 2(625) = 1250 N. Applying 
Eq. 8 - 3, we have 

M = Wrui\(6+ <p) 

= 1250(0.006) tan(4.550° +26.565°) 

= 4.53 N-ra Ans 

Note : Since $ t > 6, the screw is self - loclring. It will not unscrew even if 
.tíoment M is reraoved. 


1 

h 

B 

FÎd 

/ 

X 




/k =5oor* 


8-85. A “hawser" is wrapped around a fixed “capstan" 
to secure a ship for docking. If the tension in the rope 
caused by the ship, is 1500 Ib, determine the least number 
of complete turns the rope must be rapped around the 
capstan m order to prevent slipping of the rope. The 
greatest horizontal force that a longshoreman can exert 
on the rope is 50 Ib. The coefficient of static friction is 
= 0 . 3 . 



Frictionat Force on Flat Belt ■ H-r. r 
Eq. 8-6.weh.ve = 50 lb “ d r 2 = 1500 Ib. 


Apptying 


1500 = 50z 0 - 3í 
P = 11.337 rad 

The least number 0 f nrms of ^ 11.337 

^ “ 2 „ l' 80 m™. Thus 


O.e n = 2t 
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».usîfeft^Htìria v Éigpte(M T ’ ass of 3 - 4 M s- is t0 be 

lowered down the slope by a rope that is wrapped around 
a tree. If the wheels are free to roll and the man at A can 
resist a pull of 300 N. determine the minimum number of 
turns the rope should be wrapped around the tree to 
lower the truck at a constant speed. The coefficient of 
kinetic friction between the tree and rope is p.*. = 0.3. 


*XF x = 0; 



~ 33 354 s/n20° = 
T i = 11 407.7 


T 2 = r, e“ s 


11 407.7 = 300í° 3 '> 
P = 12.1275 rad 
Appnox. 2 tums (695°) 


33,î54n 
90* -M 


8-87. Determine thc maximum and the minimum values 
of weight W which may be applied without causing the 
50-lb bkKk to slip. Ifie coefficient of static friction between 
the block and thc plane is /a, = 0.2. and between the rope 
and thc drum D pt', = 0.3. 


^ «-, ., - - 




Equaíions of Eq uilibrium and Friction : Since thc block is on thc verge of 
sbding up or down thc planc, thai, F-^i t N = 0.ZN . If the block is on thc verge 
of sliding up thc plane [FBD (a)], 

\+ZF r -= 0; N - 50cos 45* = 0 N = 35.36 lb 

+ f ZF,.=0- 7j -0.2(35.36) - 50sin 45° = 0 T, = 42.43 lb 

If the block is on the verge of sliding down the plane[ FBD (b)], 

\+ZF r - =0; N - 50cos 45° = 0 /V = 35.36 1b 

_> ZF r =0; r 2 +0.2(35.36)-50sin 45° = 0 T 2 = 28.28 lb 

Frictional Force on Flat Belt: Here, p = 45° + 90° = 135° = — rad. 

4 

If the block is on the verge of slíding up the plane, T, = 42.43 lb and T 2 = W. 

T^T,e“ e 

t4' = 42.43e < ” ( “ ) 

= 86.02 lb = 86.0 lb Ans 

If the òiock is on the verge of sliding down the plane, 7j = W and T 2 = 28.28 Ib. 


28.28 = We° 


W= 13.95 lb= 13.9 Ib 


50 Ib 7. 



’fcO-Z ^ 


50* T* 



T=í7-2 /J 
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8-88. A cylinder having a mass of 250 kg is to be 
supported by the cord which wraps over the pipe 
Determine the smallest vertical force F needed to support 
the load if the cord passes (a) once over the pipe, /3 = 
^80°, and (b) two times over the pipe, /3 = 540°.Take yu, = 


Frictional Forc on Flal Btlt: Here, 7) = F and 7) = 250(9.81) - 2452.5 N 
ApplymgEq. 8-6, we have 


a) l<0 = 180° = <rrad 


b) If /3 = 540° = rad 


r 2 =7i^ 

2452.5 = Fc ° 2 ‘ 

F= 1308.38 N= 1.31 kN 


T 2=T, 

2452.5 = />°- 2í3 *t 

F= 372.38 N = 372 N 



Determine the largest vertical force F ih»t u ^ 
the pipe, H = 540°. Take M , = 0 .2. ‘ ° t,meS 0Ver 



Frictional Force on Flat Belt: Here, 7J = 250(9.81) = 2452.5 N and T,= F. 
Applying Eq. 8 — 6, we have 2 

a) If0 = 180° = rcné 


b) lí 0 = 540° = 3tr rad 


F= 2452.5e oz ‘ 

F= 4597.10 N = 4.60 kN 

T l *7Je" 
F=2452.5e° 2n ‘' 


F= 15152.32 N= 16.2 kN 
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•8-90. The boat has a vveight of 500 Ib and is held in 
position off the side of a ship by the spars at A and B. A 
man having a vveight of 130 Ib gets in the boat, vvraps a 
rope around an overhead boom at C, and ties it to the 
end of the boat as shovvn. If the boat is disconnected from 
the spars, determine the minimum number of half turns 
the rope must make around the boom so that the boat 
can be safely lovvered into the vvater at constant velocity. 
Also, vvhat is the normal force betvveen the boat and the 
man? The coefficient of kinetic friction betvveen the rope 
and the boom is fi, = 0.15. Hint: The problem requires 
that the normal force betvveen the man's feet and the boat 
be as small as possible. 




500= 130r° l5 " 

P — 8.980 rad 

TT.e fc «,„ umberofhilft ^ of|heroperequired . i^0„ 2g6tumj lliuí 


Vst n = 3 half tums 


Equarions of Equilibrium : From FBD (a). 


From FBD (b), 


+ Tz/ > = °; 5-*.-500 = 0 r 2 =/v. + 500 

+ =0; JJ - 130 = o 7J = 130 -jV. 


Frictional Force on Flat Belts ■ Hrr» R -1 

■ ere, /}_3 T rad. Applying Eq. 8-6, wehave 


r 2 = ?;,'"’ 

Af.+SOOsOSO-Ar.), 011 ”» 
-v. = 6.74 Ib 


8-91. Determine the smallest lever force P needed to 
prevent the vvheel from rotating if it is subjected to a 
torque of M = 250 N ■ m. The coefficient of static friction 
between the belt and the wheel is /x s = 0.3. The wheel is 
pin-connected at its center, B. 


B*** 400 miiD 


—r 

J y 200 mm 





Ç+ZM a = 0; 


-/=1(200) + /X950) = 0 




r = 4.75 P e 


(_+ zm b = o-. 


-19.53 P (0.4) + 250 + 4.75/X0.4) = 0 
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hai T. Oeiennme the torque M thatcan be resisted by the 
band brakc ìf a force nf P —■ \i , * 

of the it'ver u ! " - 30 NJ is applied to the handle 

hei i I ™ coefficlent °f statìc friction between the , 

belt and the wheel is u = o 't 7>»e i • = 0; 

at its center, B. Whee ' ls P>n-connected 



!■ + 2M, = 0; 


-F(2Q0) + 30(950) = 0 
F = 142.5 N 
= T, 

F ' = 14 2.5e°- 3 <T) _ J8J 8 N 

-585.8(0.4) + 142.5(0.4) + M = 0 
«=177N. m AnJ 


utma í e CkS 4 « nd B We ' gh 50 lb and 30 lb - respectively 


(20° ï Hba = 06 


For block/l and B : Assumiag b!ocka docs nol .lip 
+ T ^=0; N c -( 50+30)=0 N c =801b 


+ T ^- 0 ; n b cos 20 ° + F b sin 20 °- 3 0 = 0 [lj 

-►^= 0 ; F,cos20°-N,sìn20°-32 = 0 [2 J 

Solving Eqs.(l) and (2) yields : 

F, = 40.32 lb N, = 17.25 Ib 

Since Fj, =40.32lb>fiN, =06(1725) - lorsiu ,• 
be(weenA andj Tberefon. ih, . 0 35 lb . sbpping does occur 

merefore. the assumplion is no good . 

Since slípping occurs, F, = 0.6 N, 

+ tzfỳ = 0 ; n, cos20° + 0.6N, sin20° - 30 = 0 „,=26.20,6 

^^,= 0 ; 0.6(26 20 ) cos 20 ° - 26 . 20 sin 20 ° - = 0 r, = J. 8121b 

ri' Where 7) =1^, 7; =r, =5.8121b, 0 = 0.5* rad 

= 5.812er° ! < 0 Î « 

= 12 7 lb 


(íoiiOIL 


u 


+ 



— 

Vac = 0.4 

~HJ?= 0; 

0.4(80)-r, =0 

r, = 32 Ib 

u 


For block B . 
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8-94. Blocks A, B ;ind D weigh 75 lb and 30 Ib. 
respectively. Using the coeffìcients of static friction 
indicated, determine the frictional force between blocks 
A and B and between block A and the floor C. 



For the rope, 7. — T\e IJp , where T 2 = 30 Ib. T\ — T tì , and fi - 
0.5jt rad. 


T b = 13.678 lb 


-f t E F y — 0; Nb cos 20° + F B sin 20° - 75 = 0 (If 

-i EF, = 0; F« cos 20° - sin 20" - 13.678 = 0 (2| 

Solving Eqs. f 11 and [2] yields: 

N b = 65.8 lb 

F b = 38.5 Ib Ans 

Since F 0 = 38.5 lb < = 0.6(65.8) = 39.5 Ib, sìipping between 

A aiid B does not oceur. 
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www.^in^i^lpg f< p ? t,g R rn nal re , ationship bg[ween [he 

btlt tensions, the coefficient of friction /j t, and the angular 
contacts a and /3 for the V-belt is T 2 = 7'ie M/3/sin< '’ /2 >. 



T 

r 


F B.D of a soction of the bdt is 5 hown. 
Proceeding o Ihe gaieral manner: 


Xf, = 0; 


-(f+«fT)C0Sy + r COS— + 2 


d l 

2 


IdF : 


ZF. 


-(r+dDsiny-r«n^ + 2<a Wjiní 




Replace sin— by — 
2 2 ' 


cosy by 1, 



<tF = ndN 


Usin* *U «dtfT*») -+ 0. the above rcladons bccome 
<FT = 2ndN 

TdO = 2^ÌVjinfJ 

Combine — = u 

7" sinf 


tmegrue frora ( = 0, r » 7 ] 

“ » - A r . r, 

« ga, 

5 = 7; f Í4) 


qxd 
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*8-96. The smooth beam is being hoisted using a rope 
which is wrapped around the beam and passes through a 
ring at A as shown. If the end of the rope is subjected to 
a tension T and the coeffîcient of static friction between 
the rope and ring is /x, = 0.3, determine the angle of 0 for 
equilibrium. 


Equation of Equilibrium : 


+ îz/î- 0 ; r-2rcos-»o r=2rcos- 
2 2 


FrictionaJ Force on Flat Belt: Here, /} = f, T 2 = rand T { = T. 


Applying Eq. 8 - 6 r 2 = 7; e“ fi , we have 



r= T'e 01<an) = T'e 0,sa 


Subsdtuóng Eqs.[l] into [2] yields 


'2rcos~ = T'e 0ASa 
2 

0.159 - 0 

e - 2cos - 
2 


Solving by trial and error 



0 = 1.73104 rad = 99.2° 


. 8-97. The 20-kg motor has a center of gravity at G and 
ts pin-connected at C to maintain a tension in the drive 
belt. Determine the smallest counterclockwise twist or 
torque M that must be supplied by the motor to turn the 
disk B if wheel A locks and causes the belt to slip over 
the disk. No slipping occurs at A.The coefficient of static 
friction between the belt and the disk is /x s = 0 3 


Equations af Equilibrium : Frora FBD (a), 

(+2M C = 0; T 2 (100) + 7] (200) - 196.2(100) =0 
From FBD (b), 

(+2Af o =0; Af + 7] (0.05) - 7] (0.05) = 0 

Frictional Force on Flat Belt : Hcrc, /J = 180° = rr rad. Applying 
Eq. 8 - 6, T 2 = 7] e“ f , we have 


T 2 = 7] r°' 3 '= 2.5667, 


Solving Eqs.fl], [2) and [3] yields 


Af = 3.37 N ■ m 

7] = 42.97 N T 2 = 110.27 N 


100 mm 
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* 8 - 100 . The uniform concrete pipe has a weight of 800 Ib 
and ìs unloaded slowly from the truck bed usìng the rope 
and skids shown. If the coefficient of kinetic friction between 
the rope and pipe is fi k = 0.3, determine the force the worker 
must exert on the rope to lower the pipe at constant speed. 
There is a pulley at B , and the pipe does not slìp on the skids. 
The lower portíon of the rope is parallel to the skids. 



\ + ZM a - 0; -800(rsin30°)+r 2 cosl5°(rcosl5° + rcos30“)+r 2 sinl5 <> (rsiiil5° + rsinl5°) : 

T, = 203.466 lb Ti 2 00 't> 

P = 180° + 15°= 195° 

T 2 = T ì c‘‘ l> , 203.466 = 7; f 10 3 ><7ï£»*> 
r, = 73.3 lb Ans 



8 - 101 . A cord having a weight of 0.5 Ib/ft and a total 
length of 10 ft is suspended over a peg P as shown. If 
the coefficient of static friction between the peg and 
cord is Ms = 0.5, determine the longest length h which 
°ne s'de of the suspended cord can have without 
causing motion. Neglect the size of the peg and the 
length of cord draped over it. 


T 7 = T l e l,f Where T z =0.56,7; =0.5(10-6), rad 
0.5h= 0.5(10-h)e 0,(ri 




o-íOo-h) 


o4h 


h « 8.28 fl 


Ans 
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8-102. A conveyer belt is used to transfer granuiar 
material and the frictional resistance on the top of the belt 
ìs F = 500 N. Determine the smallest stretch of the spring 
attached to the moveable axle of the idle pulley B so that 
the belt does not slip at the drive pulley A when the torque 
M is applied. What minimum torque M is required to keep 
the belt moving? The coefficient of static friction between 
the belt and the wheel at A is /x, = 0.2. 


01 mZfOl 


F = 500 N B í 


Fricional Forc* on Flai BeU : Hcrc, /3 = 180” = rad and 7J = 500+ T 
and 7; = 7. Applymg Eq. 8-6. , wehavc 

T i=Ti 

500+ T = Te 0 ' 2 * 
r= 571.78 N 

Equaíions of Equilibrium : From FBD (a), 

Ç*ZM 0 = 0: m+ S71.78(0.1)-(500 + 57S.1)(0.1) = 0 

M = 50.0 N m An 

From FBD (b). 


T-*//-76a1 


k*500 r 57/-7£'\' 



T i*57//SrJ 


-+IF,=0; F, p -2(578.71) =0 F„ = 1143.57 N 


Thas, the spring stretch is 


r _ F , P _ 1143.57 

k 4 qqq = 0-2859 m = 286 tnm Ans 


T r 57/73// 
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8-103. Blocks A and B have a mass of 7 kg and 10 kg, 
respectively. Using the coefficients of static friction 
indicated, determine the largest vertical force P which can 
be applied to the cord without causing motion. 







í» c =0.4 




Frictional Forccs on Flat Belts : When the cord piss over peg D, 

P * 180° » nnàsnd T 2 = P . Applying Eq. 8-6, T 2 = 7; , we h«ve 


P = 7J< 01 * 7j = 0.7304/* 


When ihe cord pass over pegC, p = 90° = — nûmlT,' = T l = 0.7304/» 

2 

. Applying Eq. 8-6, T 2 ' = 7] 'e“* , we have 

0.7304/»= 7J'e 04 " 31 7;' = 0.3897/» 

Equations of Equilibrium : From FBD (b), 


+ ÎI/» =0; 

N, -98.1=0 N b =98.1 N 


-+ 1 F, =0; 

F,-T = 0 

[11 

+ IMq = 0; 

T(0.4) -98. l(x) = 0 

[2] 

b), 



+ T ZF y = 0; 

N t - 98.1 - 68.67 = 0 N t = 166.77 N 


+ !/,= 0; 

0.3897/»- F s -F t = 0 

[3] 


Friction : Assuming the block B is on die verge of Opping, Ihen s = 0.15 ra. A1 
for motìon lo occur, bloclc A will have slip. Hence, F t =(ft,) t N t 
- 0-3( 166.77) = 50.031 N. Substìtutìng Ihese values inlo Eqs.[l|, [2] and [3] 
and solving yields 

P = 222.81 N = 223 N Ans 

F a = T= 36.79 N 

SmcetF,).., =(ti,) B N s = 0.4(98.1) = 39.24 N >F t , bloclc B does not 
slip but tìps.Therefore, the above assumptìon is correct 


o/5" io(9B0 -93-1^ 

~h .1 


I , 7(960 


f, =0-0/91 p 
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8-104. M The bett oti (ne portable dryer wraps around the 

drum D, idler puliey A, and motor pulley B. If the motor 
can develop a maximum torque of M = 0.80 N • m, 
determine the smailest spring tension required to hold 
the belt from slipping. The coefficient of static friction 
between the belt and the drum and motor pulley is 
M s = 0.3. 



R w u f S 3 mass of 50 k e and rests on surface 
° r Wh ' C u h * = °' 2 ^ 'f the coefficient of static friction 
between the cord and the fixed peg at C is u' = 0 3 
determme the greatest mass of the suspended cylinder "6 
without causing motion. 


Block A: 

Assumc block A sUpj and do« not np. 


+ T ZF, = 0: N, + | T - 50 (9.81) » 0 


=0; 0.25 ? T = 0 

A» = 413.1 N 
T « 129.1 N 



'"ff./did 


ÍZM, = 0 ; 


-50(9.81).» + - (129.1) (0.3) - j (129.1) (0.125 - x) - 0 


P*: 


Ti » 7îe*4. 
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wv ^ltìîS ac ' l ìílo n jf r 'f'^ 0 9 s P 0tc0m 

!! ‘ he m ;! SS ° lthc ^spendcd cylindcr />is í fcí dèt^rmme 
he smallest mass of bl«ck ,1 so that it does not s lip or 

.hc fiXïï? • «rf,;? ion ,hc - 


-»IP = 0; 


T 2 = r, 


4(9.81) = Te 


T = 20.19 N 


F Á - -(20.19) = 0 


F. = 16.152 N 


4(?.f l)fJ 

W 

Ù-J 

zo,i9*J “ 1 





For slipping. 


(F Â )mcx = 0-25 (N a ); 16.152 N = 0.2S(N A ) 


■ î I F y =0; 


N a + -(20.19) - VV = 0 


N Á =64.61 N, VV = 76.72 N 


For tipping, x = 0.125 m 


+ TM b = 0; - W(0.125 m) + -(20.19)(0.3) = 0 


76.72 N 

m = 9^r^ = 7 - 82kg Ans 


8-107. The collar bearing uniformly supports an axial 
force of P = 500 Ib. If the coefficient of static friction is 
= 0.3, determine the torque M required to overcome 
friction. 



Btaring Frictìon : Applying Eq. 8-7 witti = 1.5 in., /t, = 1 in., )i, =0.3 
and P = 500 lb, we have 


3 k 2 -*> 2 J 

2 n.5 J -i , 't 

= 3< a3)(500) h^J 

= 190 lbin= 15.8 lbft 
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*8-108. The collar bearing uniformly supports an axial 
force of P = 500 Ib. If a torque of M = 3 Ib • ft is applied 
to the shaft and causes it to rotate at constant velocity, 
determine the coefficient of kinetic friction at the surface 
of contact. 


Btaring FrUtion Applyuig Eq. î-7wìthí, = 1.5 in.. «, = 1 in.. M = 3(12) 
= 36 lb m and P = 500 Ib, wc have 


rèm i 




-Mr 

36 =!^) (5 oo )(SS) 


/ì* = 0.0568 



Ans 


8-109. rhe disk clutch is used in standard transmissions 
of automobtles. If four springs are used to force the two 
plates A and B together, determine the force in each 
spring required to transmit a moment of M - 600 Ib • ft 
across the plates.The coefficient of static friction between 
A and B is n, = 0.3. 



Btaring Friction : Applying Eq. 8-7 with = 5 in., R, =2in„ M = 600(12) 
= 7200 Ib • in, /i, = 0.3 and P — 4 F t , we have 


3 U 2 -*?J 

7200 = 5 ( 03 , 

F Mp = 1615.38 lb = 1.62 kip 


Ans 
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8 - 110 . The annular ring bearing is subjected to a thrust 
of 800 lb. If n s = 0.35, delerntine the torque M that must 
be applied to overcome íriction. 


n 2 m. I—I 


■ P = 800 lb 


8 - 111 . The floor-polishing machine rotates at a constant 
angular velocity. If it has a weight of 80 Ib. determine the 
couple forces F the operator must apply to the handles 
to hold the machine stationary. The coefficient of lcinetic 
friction between the floor and brush is fi k = 0.3. Assume 
the brush exerts a uniform pressure on the floor. 


3 

= ^(Q.3S)(800)Í ~ 3 ~ P 1 

3 L(2) 2 - 


M = 36.3 Ib ft 




M PR 

2 f 

nt.S) = -(0.3)(80)(i) 


F = 


* 8 - 112 . The plate clutch consists of a flat plate A that 
slides over the rotating shaft 5. The shaft is fïxed to the 
drrnng plate gear B. If the gear C, which is in mesh with 
B is subjected to a torque of M = 0.8 N • m, determine 
t e smallest force P, that must be applied via the control 
arm, to stop the rotation. The coefficient of static friction 
between the plates A and D is = 0.4. Assume the 
bearing pressure between A and D to be uniform. 

F - 



— 150 mm 


= 26.667 N 


125 mm 


M - 26.667(0.150) = 4.00 N m 


2 /t, 3 - R 5 

m = -nn 


2 , (0.125) 3 - (0.1) 3 , 

3 <0 '4)( )((0.125) 1 - (0.1) j) 


150 mm 


P' = 88.525 N 
UlW f = 0; 88.525(0.2) 

P = 118 N Ans 


/XO.15) = 0 



—— S t 


= 0.8 N-m 
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8-113. A tube has a total weight of 200 Ib, length / = 

8 ft, and radius = 0.75 ft. If it rests in sand for which the 
coefficient of static friction it is /u, = 0.23, determine the 
torque M needed to turn it. Assume that the pressure 
distribution along the length of the tube is defined by 
P ~ Pn sin 0. For the solution it is necessary to determine 
Po, the peak pressure, in terms of the weight and tube 
dimensions. 

Equuion, e/ Equilibrium and Friclion : H«, dN = plrdB = p.lnm 6d$. 
Smce the tube u on the verge of slipping. dF=p,dN = p 0 /i,írtin 9d6. 

+ ÎI/J=0; îj*dNsin 6-w = 0 
0 

2j T p 0 lnin : 9d8 = W 
0 

Eoirj T (1 -cos 28)d6= W 

p °iï) =w 



Po 


2 W 


EM 0 = 0 ; 


tzlr 

lJ T dF(r) - M = 0 
o 

M ~ ^J ^PoPj^sin 6d6 = 2p 0 p,lr 2 


[1] 


[2] 


Subsnmung Eq.(l) into [2] yields 


M = 


4W/j,r 


However, IV = 200 Ib, p, = 0.23 and r= 0.75 ft, then 


4(200) (0.23) (0.75) 

M =-- 43.9 lb ft 


Ans 
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8-114. Because of wearing at the edges, the pivot 
beanng ,s subjected to a con.cal pressure distribution at 
fs surface of contact. Determine the torque M required 
to overcome friction and turn the shaft, which su^ports 
an axial force P.The coefficient of static friction is £ For 
the solution, ,t is necessary to determine the peak 
pressure p 0 m terms of P and the bearing radius R 



dM - rdF = riidN - rppáA - rpp(rdedr) 
M « /<ttí - - jr) P dr de 


K 3 




P = JpdA = J' (Po - j') rdrj 2 "de 


= 


M = An» 
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8-115. The pívot bearing is subjected to a pressure 
distribution at its surface of contact which varies as 
shown. If the coeffieient of static friction is p, determine 
the torque M required to overcome friction if the shaft 
supports an axial force P. 


dF = fídN = np 0 cos( —) dA 



- P = Po COS- 


*8-116. The tractor is used to push the 1500-lb pipe.To 
do this it must overcome the frictional forces at the 
ground, caused by sand. Assuming that the sand exerts a 
pressure on the bottom of the pipe as shown, and the 
coefficient of static friction between the pipe and the sand 
ts = 0.3, determine the force required to push the pipe 
forward. Also, determine the pealc pressure p 0 . 



p=p 0 coss 



M = / rppo cos(~)rdrd6 
a 2X 

= PPoj (r 2 cos (j^)dr)f 2 ’de 

o 2 a o 


[<M 

= 0.7577 p PoR 1 

P=j dN= j p 0 (cos(^)rdrj 2 ’de 

4 0 IR o 

" a [(55ï“ ,( 5 ) + (Ì- ( S ) I (2 * ) 

= 4 P oR 2 (\ - -) 




~Y<2Fr/iiP 


= 1 -454p 0 R 2 


M = 0.521 PpR 

Ans 

+ T ZF y = 0; 

2 / j’ 2 

0 


2 P 0 lrj’ 


cos 9d6 = W 


2/7 0 r/(_gi + i sm 2 g)|? = w 


2(P 0 ) rl( t ) = W 

4 


2 Po(15)(12)(12)(Í) = 1500 
4 


Po ~ °- 4 42 psi Ans 

Çn/2 

= -® 2 <0 3) ^° 442 ' b/ln2 )( 12 ft)(12 in. /ft)(15 ui.) 

T— 573 Ib Ans 



9 Ar-~pris 
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8-117. A 200-mm diameter post is driven 3 m into sand 
for vvhich /x, = 0.3. If the normal pressure acting 
completely around the post varies linearly with depth as 
shown, determine the frictional torque M that must be 
overcome to rotate the post. 


CS-M 




Equaiions of Equilibrium and Friction : The resuluni nomul foroe on 
thepostistf = i(600 + 0)(3)(*)(0.2) = 180* N. Sineethepostis on the 
verge of rotanng. F— p,N = 0.3( 180tr) = 54.0n N. 

C+ÎAfo^O; M-54.0ir(0.1)=0 

M = 17.0 N-m Ans 


/f~^ 


\-. lS0 TfrJ 


8-118. A pulley having a diameter of 80 mm and mass 
of 1.25 kg is supported loosely on a shaft having a 
diameter of 20 mm. Determine the torque M that must 
be applied to the pulley to cause it to rotate with constant 
motion. The coefficient of kinetic friction between the 
shaft and pulley is p k = 0.4. Also calculate the angle 6 
which the normal force at the point of contact makes with 
the horizontal. The shaft itself cannot rotate. 


' , • 


/- 

(V . ■ 


llïmo *!2-ZU5H 


Frictional Forct on Journal Bearing : Here, ** = tan"V* “ 0.4 

= 21.80°. Then the radiua of frìctíon circle is r f * nin 4 * = O.Olsin 21.80° 

= 3.714( 10 -1 ) m. The angle for which the normal force makes with horizontal 
is 

0 = 90°-** =68.2° Ans 

Equations of Equilibrium : 



'f =ÌMI0~ > J” 


+ T ZF, = 0; R - 12.2625 = 0 R = 12.2625 N 

Ç+IM o =0; 12.2625 (3.714) ( 10‘ 3 ) -M=0 

M= 0.0455 N m 
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8-T19. The puiley nas a radius of 3 in. and fits loosely 
on the 0.5-in.-diameter shaft. If the loadings acting on the 
belt cause the pulley to rotate with constant angular 
velocity, determine the frictional force between the shaft 
and the pulley and compute the coefficient of lcinetic 
friction. The pulley weighs 18 Ib. 



+ ÎXÇ = 0; R - 18 - 10.5 = 0 


R = 28.5 lb 


i.+m 0 = 0; -5.5(3) + 5(3) + 28.5 r f = 0 

r f = 0.05263 in. 


54> I R 5.514 


r f = r sin <p k 


0.05263 = —siiup. 


<p k =12.15° 


V = tan0 t = tanl2.15° = 0.215 


Notealso by approximatíor; 


r f = rfi 


0.05263 = ~H 


/l - 0.211 Ans 


(approx.) 


= 0; -5.5(3) + 5(3) + F{~) = 0 

2 


F = 6 Ib 


N = /r~2 - F* = /728.5)2 - 6 2 = 27.86 


M R 27.86 0 ' 215 Ans 


544 


www.usacingenieria.blogspot.com 

The pulley has a radius of 3 in. and fits loosely 
on the 0.5-in.-diameter shaft. If the loadings acting on the 
belt cause the pulley to rotate with constant anguíar + ^ - 0 , 
velocity, determine the frictional force between the shaft 
and the pulley and compute the coefficient of kinetic 


friction. Neglect the weight of the pulley. 


(. +ï M 0 = 0; 




R - 5 - 3.5 = 0 


R = 10.5 Ib 


-5.5(3) + 5(3) + 0.25) = 0 


/(10.5)' - & = 8.617 Ib 


= í = ÏS7 = 0696 


5.51Ì 


t +LW 0 = 0; -5.5(3) + 5(3) + 10 . 5 ( 7 ) = 0 

r f = 0.1429 in. 


0.1429 = ~ sin è t 
2 


<p k = 34.85° 

H k = tan34.85° = 0.696 


By approximation 


8-121. Determine the tension T in the belt needed to 
overcome the tension of 200 lb created on the other side. 
Also, what are the normal and frictional components of 
force developed on the collar bushing? The coefficient of 
static friction is #x v = 0.21. 


Fnctional Force on Journai Bearino • .. . -1 .. 

ocanng. Here, * ( = tan ti,=an ‘0.21 

« 11.86 . Then the radius of friction cirele is 

r f = rsin = Isin 11.86° = 0.2055 in. 

Equaíions of Equilibrium : 

= 0; 200( 1.125 + 0.2055) - T( 1.125 - 0.2055) = 0 

T= 289.41 lb = 289 Ib A ns 

+ ÎT, =0; R- 200-289.4 = 0 * = 489.41 Ib 

Thus. the normal and friction foree are 

N = Rcos ỳ, =489.41cos 11.86° = 479 lb Ans 
F= Rsin b, = 489.41sin 11.86° = 101 Ib Ani 



200 Ib T 


‘aC % ~ 0Z05S ’ n ■ 


ÁsûOtb * -r 
Rr 1 


F 

i 

iL 
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8-122. If a tension force T = 215 Ib is required to pull 
the 200-lb force around the collar bushing, determine the 
coefficient of static friction at the contacting surface. The 
belt does not slip on the collar. 


Equation of Equilibrium : 

Ç+ZM f = 0: 200(1.125 + ^-215(1.125-^) = 0 

Tj = 0.04066 in. 

FrictionaJ Forcc on JoumaJ Beanng ; Thc radius of fricdon circlc is 

Tj - rsin $ k 
0.04066 = lsin (Jt k 
<t> k = 2.330° 

and thc cocfficicnt of stadc friction is 

H, =tan#, =tan 2.330° = 0.0407 Aiu 


Fnctional Forct on Journal Bearint • Herr m -i i 

- 8 531 ° *e-d- of fncrion«dcV ' ° 15 

' r = n>in *.= 0.015sin 8.531» = 2.225( 10-’) m 
Equation of Equilibriunt: 


Ç+zm f =o 


■ 490 -5(2.225)( ÌO’ 1 ) -íj^O.06-(2.225)( 10" 3 )1 = 0 

F=189N Ans 




loosely over a fixed sbaf"hav'inp‘’ í,nie 1 er of 120 mm fits 

'he coefficient of sta ic f icZ !, ame,er ° f 30 mm - ' f 

shafl » M.v = 0.15 ai ,2™ií h WCenthedÌíkandt he 
determine the smallest vertica fo V ^ ° f 50 k S- 
which must be applied to the di kTn tmg °” ' he rim 

'he shaft. d,sk to cau se it to slip over 
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♦ 8 - 124 . The weight of the body on the tibiotalar joint J ìs 
125 lb. If the radius of curvature of the talus surface of the 
ankle is 1.40 in., and the coefficient of static friction between 
the bones is y. s = 0.1, determine the force T developed in 
the Achilles tendon necessary to rotate the joint. 

125 Ib 


Wilh t tdditìon of focccT. the remlunt foree W + T >cu « dituncex borizonully 
from W. 3 


F Kx =IM 0 \ -(W + Dx ~-Ta * = -5- 


1.5 in.-Hr = 1.40 in.^ 


A flN 

tin# = — = u 
N h 


Howcvcr, from gcometry ris thc radius of curvaturc. 

«. x 

sm^ = - 

r 

Since ŷ is snull sìn* . un* = /i = f, jubsitale x = Jfj yields 
u = ——— 




W = 125 lb, r= 1.40 in, n = 0.\,a= 1.50 in. 


f- 0.1(1.40)025) 
1.50-0.1(1.40) 


8 - 125 . The collar fits loosely around a fixed shaft that has 
a radius of 2 in. If the coefficient of kinetic friction between 
the shaft and the collar is n k = 0.3, determine the force P 
on the horizontal segment of the belt so that the collar 
rotates counterclockwise with a constant angular velocity. 
Assume that the belt does not slip on the collar; rather, the 
collar slips on the shaft. Neglect the weight and thickness 
of the belt and coIlar.The radius, measured from the center 
of the collar to the mean thickness of the belt, is 2.25 in. 



t, 

= Un '0.3 = 16.699° 

r, » 2sin 16.699° = 0.5747 in. 

Hquilibrium: 


+ ÎD5 =0; 

75-20 = 0 /5=201b 

=0; 

T ~K= 0 Kr=T 

Hcdcc 

* = //Ç? + ^ = /rî + 20! 



t.+ TM 0 - O, - ( /r 1 + 20Ï) (0.5747) + 20(2.25) - T(2.25) = 0 

Choosc thc smallest root r=13.8lb Ans 
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around a fíxed shaft (hat ^ 
f h r p ad ' US ft ° f 2 ! n ' If the coefficient of kinetic friction between 
the shaft and the collar is = 0 . 3 , determine the force P 

rotit ^T ntal S6gment 0f the be!t 50 that th e collar 
“7 W ' th T nstant an 8 ular velocity. Assume 
hat the belt does not shp on the collar; rather. the collar 
ps on the shafbNeglect the weight and thickness of the 
belt and collar. The radius, measured from the center of 
the collar t0 the mean thickness of the belt, is 2 25 in 



f» “ ttn = taif 1 0.3 = 16.699° 
= 2ain 16.699° = 0.5747 in. 


Equilibrium : 

+ tl^=0; ^ - 20 = 0 R* = 20Ib 

=0; r-j^=o 

H ““ « = = 7205 

W ™° = 0: (' /r2+2 ° 2 ) (0.5747) + 20(2.25) - T(2.25) = 0 

Choosc thc largcst root j = 29.0 lb 



rï rrr w ,he 

2-in.-diameter bear mg /1 If th ^ Crank shafl b y a 
downwards,andthecoefficien „f c e P, T ÌS movin g 

Pomts is Mí 0.2, determine th T fnCllon at lhe se 
Clrcle at ea ch connection. rad ’ US ° f the friet ion 

( ' />A m '^’0.2in. Ans 

('/>» =r. u - °- 2 5(0,2 ) 

2 = 0.075 in. An< 



r PÌSt ° n by 

50-mm-diameter bearinl A U ,h Crank Shaf ‘ by 3 

upwards, and the coefficient óf stati/fr cti “ m ° VÌng 
points is ll =01 . “ at,c ' r,ct,on at these 

**., «£, "S"" -be „aî« O, .he 


('■/)< ='aH. « 25(0.3) = 7.50 mm An> 
('/)» =+» M = , 0 ( 0 . 3 ) = 3mm An » 





www.usacingenieria.blogspot.com 

8-129. The vehicle has a vveight of 2600 Ib and center of 
gravity at G. Determine the horizontal force P that must 
be applied to overcome the rolling resistance of the 
vvheels. The coefficient of rolling resistance is 0.5 in. The 
tires have a diameter of 2.75 ft. 



Equaíions oj Equilibrium: 

N t (7) +F(2.5) -2600(2) = 0 
5200-2.5/’ 


Ç+ZA/,^0; />(2.5) + 2600(5) -N A (7) =0 

13000 + 2.5/> 


,, „ 5200-2.5 P 13000 + 2.5 P 

Rollmg Resulanee : Here, IV = N Á +N t =---h- 

- 2600 lb, a = 0.5 in. and r= 12) = 16.5 in.. Applying Hq.8- 11, 


Zé>Û0 lí 



fz/t' 5/t 


2600(0.5) 
16.5 
- 78.8 lb 


8-130. The hand cart has wheels with a diameter of 80 
mm. If a crate having a mass of 500 kg is placed on the 
cart so that each wheel carries an equal load, determine 
the horizontal force P that must be applied to the handle 
to overcome the rolling resistance. The coefficient of 
rolling resistance is 2 mm. Neglect the mass of the cart. 





- 500(9.81)(C1) 

P = 245 N Ans 
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2, WU 2 rHndC L ÌS . SUbjected to a load that has a 

cylindêr's toÍ C ° eff ' C ' entS of rollin ê resistance for the 
cylinder s top and bottom surfaces are a A and a, 

;z c r: ty ^r that a force having a "«8™^ 0 f P ~ 

\r i a "} ]/ ì 2r 15 rec l uir ed to move the load and 
the cylfnder. Neg ' eCt the wei § h ' of 


Wl . P = 0 

+ tl/ŷ =0; Wy -w = 0 (Ki)y = w 

(+IM, = 0; P(rcos* Á +rcos«,) - W(a* +a.) = 0 
Since and *, are very smail, cos*,, ■ 






(i) 






•cosp, - l. Hence, firom Eq.(l) 


p x W(a A +g 8 ) 
2 r 


(QED) 


7' 13 ^ n ' ar8e Cra ’ e having a mass of 200 k S 's moved 
alon g the floor using a series of 150-mm-diameter rollers 

or wh,ch the coefficient of rolling resistance is 3 mm at 
he ground and 7 mm at the bottom surface of the crate 
Determme the horizontal force P needed to push the 

Prob 8°nr 3t 3 C ° nStam SPeed HÌn,: Use ' he result of 


p w (a A +%) <lnCe ' ApPlyU1g ‘ he rasul1 “hlained in Prob. 8 - £f, 

and r^ET ^ = 7 mm ' ^ * = 700(9.81) = !962 N, 

u r ~ • 5 mm, we have 

1962(7 + 3) 

~ ~ÏÏ75)~ = 130 8 N = 131 N Ans 



www.usacingenieria.blogspot.com 


8-133. The lawn roller weighs 300 Ib. If the rod BA is held 
at an angle of 30° from the horizontal and the coefficient 
of rolling resistance for the roller ìs 2 in„ determine the 
force F needed to push the roller at constant speed. Neglect 
friction developed at the axle and assume that the resultant 
force acting on the handle is applied along BA. 





Rolling Rosistanet: The angle 6 = sin' 1 - = 12.84". From the eqilibrium of 
ihe lawn roller, we have 


I* I F, = 0; Rsm 12.84" - Fcos 30° = 0 
+ T ÏF = 0; Rcos 12.84" - 300 - Fsin 30° = 0 


Solving Eq. [ 11 and [2] 





R = 354.31 Ib 


8-134. A single foree P is applied to the handle of the 
drawer. II frietion is negleeted at the bottom side and the 
coeffieient of statie Irietion along the sides is /a, = 0.4. 
determine the largest spaeing s betvveen the symmetrieally 
plaeed handlessothat thedravver does not bind at the eorners 
A and B when the foree P is applied to one of the handles. 

Eguations of Equilibrium and Friction : If thc dr»wer docs not btnd I 
comere A and S, slipptng would have to occur al points A and B. Hcncc, 
F A =nN t = 0AN a and F, = nN, = 0AN ,. 



UZF,= 0; N,-N a = 0 N a =N,=N 

+ ÎZF r =0: OAN + OAN-P = 0 P = 0.SN 

, (s + 1.25V „ 

C+ZM, =0; At (0.3) + 0AN (1.25) - 0.8Atl—-— 1 = 0 

tf(o.3 + 0.5 - 0,( -;- 2 - 5 = 0 


-S 'uvxN *0, then 


rí+1.25V „ 
0.3 + 0.5-0.81—-—1 = 0 


fí--o-4-^s 


f A '0-4 
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8 135. Ihe truck h;cs a mass of 1 ’S Mo - 10,1 . . ,. 

al ( ' l^tcrmmc fhe srcatcst lo-.d it ( ,f ll ' Cr<l ' mass 
has rear-vvhee! drivc whílc th ■ f , ú PU ' (a) the lruck 

- «■> * 'z' 7 ,o 

static friction between the wheel -r u ™ w)efficient of 


800 mm 


600 mm 

~J_ 


" 1.5 m - 


■ 1 m —H 


*) The tmck with rear wheel drive. 

( + ™’ = 0; t2 5( I0 J ) (9.81) (I) + T(0.6)-N Á (2.5) = 0 [„ 

-*ZF.= 0 ; O.S\ T = 0 

12] 

Solving Eqs.flj and |2J yields 

N * = 5573.86 N T = 2786.93 N 

Since the craie moves, F c = Ui 'N- c = 0 .4N C . From FBD (c), 

+ î^=0; N c -VF = 0 N c = W 

=0; 2786.93-0.41F = 0 

**' = 6967.33 N = 6.97 kN 


Ans 


b) Thc mick wuh four wh«l drive. 


- F.tVj - O.SNj.From FBD (b), * 

Ç+IM.=0; 25( 10 3 ^ (9.81)(1) + F(0.6) ~N á (2.5) = 0 [3] 

( + ™* =0 ' N. (2.5)+ T( 0.6) - 1 25( 10 3 ) ( 9 8i )( [ 5) = o [4] 

^^,=0; 0.5N Á +O.SN,-T=0 (5] 

Solving Eqs.[3J, [4]and [5J y,dds 

— 6376.5 N N. = 5886.0 N 7-=6131.25N 

Since the crate moves, F c = u, 'N c = 0AN c . From FBD (c), 

+ ÎXF, =0; N c -W = 0 N C = W 
~+ZF-= 0: 6131.25-0.4H' = 0 


U50o'j(Jgi) 



W= 15328.125 N= 15.3 kN 


Ans 
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: 8-136. Solvc Prob. 8-135 if thc truck and crate arc 
travcling up a 10 inelinc. 


600 mm 




-1.5 m —-j—| , 


a) Thc trudc with rcar whccl drivc. 

Equations of Equilibrium and Friction : It is rtquired that thc rear whccl 
of thc trudc slip hcncc F A = li,N A = 0.5N A .From FBD (a), 

^+IM,=0; 1.25( ÎO 3 ) (9.81)cos 10°(1) 

+ 1.25( 10 1 ) (9.81)sìn 10°(0.8) 

+ r(0.6)-W s (2.5) = 0 [ 1 ] 

+ ZF,. =0; O.SN Á - 1.25( 10 3 ) (9.81)sin 10°-r = 0 [2] 

Solving Eqs. [ 1] and [2] yields 

N Á = 5682.76 N T= 712.02 N 

Since the craie moves, F c = U,'N C = OAN c . From FBD (c). 

+ ZF y . - 0; N c - H'cos 10“ = 0 N c = 0.9848IV 

f. =0; 712.02-IVsin 10°-0.4(0.9848W) = 0 

W = 1254.50 N = 1.25 lcN Ans 

b) The truck with four whecl drive. 

Equaiions of Equilibrium and Friction : It is required thax Ihe rear whcels 
of Ihe trodt sltp hence F Á =ii,N, = 0.5ÌV,. From FBD (a). 

Ç+ZM, =0; 1.25( 10 3 ) (9.81)cos 10°(1) 

+ 1-25( 10 5 ) (9.81)sin 10°(0.8) 

+ T(0.6) —N a (2.5) = 0 [3] 

Ç+IM, =0; - 1.25( 10 5 ) (9.81)cos 10“(1.5) 

+ 1.25( 10 ! ) (9.81)sin 10°(0.8) 

+ T(.0.6) + N, (2.5) = 0 [4] 

+^IF,=0; 0.5N Á +0.5N, - 1.25 ( 10 3 ) (9.81)sin 10°-7’ = 0 [5] 

Solving Eqs.[3J, [4] and [5j yields 

N Á = 6449.98 N N, = 5626.23 N T = 3908.74 N 

Since the crate moves, F c = M ,'N C = 0AN c . From FBD (c), 

V'IF;. =0; N c -Wcos 10° = 0 N c = 0.9848IV 

-+LF, =0; 3908.74- VVsin 10°-0.4(0.98481V) = 0 

IV = 6886.79 N = 6.89 lcN Ans 


! +*sol)(f. â0/ v 





'Fr. | * 
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j/vww.usJcjngis pinned at A and is used 
to hold mops or brooms against a wall. [f the coefficient 
of natic friction between the broomstick and the cam is 
Ms 0... determine if it is possible to support the broom 
havmg a we.ght H/. The surface at B is smooth. Neglect 
the weight of the cam. 6 


r— 50 mm - 


30 mm 


The cam is a two - force mcmbcr. 
Rcquire 




0.6 N 


However p _ 

ma * ~ ViN = 0.2 N 


Thercfore, the 


0301 cannot support thc broom. 


Ans 


8-Ì38. The carton clamp on the forklift has a coefficient 
of static friction of M) . = 0.5 with any cardboard carton 
whereas a cardboard carton has a coefficient of static 
frtct.on of Mj - 0.4 with any other cardboard carton 
Compute the smallest horizontal force P the clamp must 
exert on the stdes of a carton so that two cartons A and 
B each we.gh.ng 30 Ib can be lifted. What smallest , ftu , 
clamping force P' is required to lift three 30-lb cartons' ocanon8 
The third carton C ic i... . . „ 


- - —-ic/ Ull III.CC JU-ID 

Ihe th.rd carton C is placed between A and B. 




+ T ^=0. 2F = 60 

2(0.5 Ah = 60 
N = 60 lb 

If ttie cartons slide agalns. eacti ottier, 

+ r^ =0; f+Fc = 30 

05 N + 0.4 W = 30 
N = 33.33 lb 

P ~ 60 lb for two cartons. 

For Oiree cartons: 

If two cartons sUde against each other, 

+ ÍZF y = 0: 2 F c = 30 

2(0.4 N c ) = 30 
N c = 37.5 ib 

If ttie cartons stide against the camp, 

+ Tjyr =Q , ^F = 90 (b 

2(0.5 N) = 90 
N = 90 Ib 

I” = 90 lb for three cartons. Ans 


jctt 3oii 


3 0A(> 

H -ïjjtjfc.* 


Ans 


30t(, 


Nc- 


3 ttM. 30 U jny, 


—T 
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8-139. The tractor pulls on the fixed tree stump. 
Determine the torque that must be applied by the engine 
to the rear wheels to eause them to slip. The front wheels 
are free to roll. I he tractor weighs 3500 Ib and has a center 
of oravitv at G. Ifie eoeltieient of static friction between 
the rear wheels and the ground is /u, = 0.5. 



Equationi of Eq uilibrium and Friction : Assume that the rear wheels 
B slip. Henee F, = = 0.5IV,. 

("+IAÍ„=0 N, (8) -T(2)- 3500(5) = 0 

+ ti/;=0; N, +N a -3500 = 0 



->2^=0; T-0.5N, = 0 [: 

Solving Eqs.(l), [2] and [3] yielils 

N, = 1000 lb N, = 2500 lb T = 1250 lb 

Since N a > 0, the front wheels do not lift up. Thetefote the rear whecls slip as 
assumed. Thus, F, = 0.5(2500) = 1250 lb. From FBD (b), 

Ç+IA# o =0, M- 1250(2) =0 

M = 2500 Ib • ft = 2.50 kip ■ ft Ans 




FÍ=IZ5o Ib 


N t -ZS00tk 


: 8-140. The trtietor pulls on the fixed tree stump. If the 
eoefficient of statie frietion between the rear wheels and 
the ground is p, = 0.6. determine if the rear wheels slip or 
the front wheels lifl off the ground as the engine provides 
torque to the rear wheels. What is the torque needed to 
cause the motion? The front wheels are free to roll. The 
traetor weighs 2500 lb and has a center of gravity at G. 


Equationt of Equilibrium and Friclion : Assume that the rear wheels 
B slip. Henee/Ï =n,N, =0.6 N,. 

Ç+LW„=0 N,(S) — T(2) - 2500(5) = 0 


+ îlf r =0; N, -t-N A -2500 = 0 
F+1F,=0, T-0.6N, = 0 


Solving Eqs.[l], [2] and [3] yields 

N a = 661.76 Ib N, = 1838.24 lb T= 1102.94 lb 

Since N a > 0, the front wheels do not líft off the ground. Therefore 

the rear wheels shp as assumed. Thus, F, = 0.6( 1838.24) = 1102.94 lb. From 
FBD(b), 

+ IM 0 = 0, M- 1102.94(2) = 0 

M = 2205.88 lb ft = 2.21 kip ft Ans 



Z500 /l 




Fg'i/oZ9'4-ib 




555 









(l UJ p * nd| Ooemroidis;r = x . Ha ^ Q.T' 
Pcrfomnng the iniegration.--- * ** ' 


we have 


‘■ u -/."( fty-sH'ft 
l mm f, *f+f* 
[*< ,J <j-mH‘)T 


'■ 1 4397 m 


= 0.7857 
Ctntroid Applying Eq. 9 - 7 . 


we have 


x= 07857 

1.4397 “ 0 5457 "> = 0.546 m 


Equotions of Equilibrium ; 


► = 0 ; 


+ Tl/ ;=0; 0 ,- 0 . 
C+ZAÍ o =0; ^ 


o, =0 

3(9.81)(1.4397j, 0 
= 7.06 N 


05(9.81)(1.4397X0.5457) = ( 
*o = 3.85 N • m 


Ans 


Aiu 


Ana 


Ans 
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9-5. Determine the distance x to the center of gravity 

of the homogeneous rod bent into the parabolic shape. If <fy = ** 

the rod has a weight per unit length of 0.5 lb/ft, determine fl , - 

the reactions at the fixed support O. - = * idL = '° + * 2 ^ 

IdL Jdx 2 + x 2 dx 2 



LeU - tan 0 

dx = $cc 2 8 dd 

tan0 + tan 2 Bsec^ddO 
^ 1 + tan 2 0 sec 2 0 

r— 

_ t 3 J 0 __ 

+ £{ In I scc0 + tan0|}]J 
i = 0.531 ft An* 


Alao, 


dL = Jdx 2 + dy 2 



dx 


- 1.148 ft 

f £ dL = J 1 Jt/l + Jc 3 
= 0.6095 


0.6095 

1 = 1.148 

0.531 ft Am 

%ïf, = 0; 

O. = 0 Ani 

+ ÎI/J = 0; 

O, - 0.5(1.148) = 0 


0, = 0.574 lb Am 

i.+ïm 0 = o-. 

M 0 - 0-5(1.148X0.531) = 0 


A/j, = 0.305 lb-ft 


Ans 
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9-9. Locate the centroid of the shaded area. 

dA - y dx 



X - X 



v;, 

ii 

SJ IN* 



V 


iïpt’dx [^JJ 



TTdT 

Io‘p* 2 dx [£*>]* 


... h , / 

- Lŷdh 
y *ZdT 

_ í„* £-,x‘ dx [ 7 S 73 X 5 ] 

1 Spx 2 dx [éix’lí 




561 









562 



www.usacingenieria.blogspot.com 


9-13. The plate has a thidcness of 0.25 ft and a specific 
weight of y = 180 Ih/ft’. Detemiine the location of its 
center of gravity. Also, find the tension in each of the 
cords used to support it. 

Area and Moment Arm: Here, v = x — 8a- 2 -f 16. The area of 

the differential element ís dA — xdx = (.r — 8.vî + 16)í/jc and its 

I 1 

centroid is x — x and v = -(x — 8.i ’ + 16). Evaluating the integrals, 
we have 

r r l(tít i 

A- JA= (x — 8.r ï + 16 )dx 

J.i J o 

/1 , 16 ì \j l6ft . 

= ^ -x 2 — — xi + 16.vJJ =42.67 ft 2 

f f ih u i 

J xJA = J x[(x - 8.r: + 16 )í/x| 

= _^J +8t :)[ 6 " = 136.53 ft’ 

f f'* fl 1 I 1 

I yJA = I -(.r — 8.r2 + I6)|(x — 8*2 + 16)í/.vj 
J A J 0 2 

l /1 . 32 5 , 512 ì \| I6ft 


= 136.53 ft' 

Centroid: Applying Eq. 9-6. we have 




! ~i M r 


= 1920 lb 
.? = 3.20 ft 


= 3.20 ft Ans 


= 3.20 ft Ans 


Equations of Equilibrium: The weight of the plate is 
W = 42.67(0.25)í 180) = 1920 lb. 


EM, =0: 

1920(3.20) - 7,(16) = 0 

r A = 384 Ib 

Ans 

T. M y = 0; 

7H16) - 1920(3.20) = 0 

T c = 384 lb 

Ans 

TF : = 0; 

T„ + 384 + 384 - 1920 = 

0 



T b = H52 lb= 1.15 kip 
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9-22. The steel plate is 0.3 m thick and has a density of 
7850 kg/m 3 . Determine the iocation of its center of mass. 
Also compute the reactions at the pin and roller support. 



y i = -*i 


^ = (V: - y t ) dx = (/ 2 x + I) dx 


- _ yi + y> _ 

2 " 2 

í = ^ idA = Jô + x ) dx 

/í (fix + x)dx ' + i xJ | 

c-kíil - íj^(fix + x )dx 

M IUjït + X )dx ~ + i xJ | 

A = 4.667 m 2 

IV = 7850(9.81)(4.667)(0.3) = 107.81 kN 
t+IM A = 0; -1.2571(107.81) + N,( 2/2) = 0 

N, = 47.92 = 47.9 kN Ao» 

- +ZF * = 9; -A + 47.92sìn45° = 0 
4. = 33.9 kN Ans 

+ ÎZIJ = 0; 4, + 47.92cos45° - 107.81 = 0 

4, =73.9kN Ans 



1.2571 = 1.26 m 


= 0.143 m Ans 


'XlT 


y \ 2™ 

i\ 

kl __ ^ 
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9-25. Locate the centroid x of the shaded area. 


Areaand Moment Arm : Herc, y, =*’ andy 2 = * J . The arcaof the 
differcntial elementis dA = (y, -y 2 )dx = (a’-* 2 'jdx and its centroid ú 

X - X. 


Centroid : Applying Eq. 9-6 and pcrforraing thc integration, wc havc 



/o'"( xÌ ~ xl }dx 



Aiu 




9-26. Locate the centroid y of the shaded area. 


Area and Moment Arm : Here, y, =*’ andy 2 = x 2 . The arca of the 
differennal elemenl is dA = (y, ~y 2 ) dx = (* 5 -x lS jdx and ils centroid is 

y = >a+>2) = ^(•r’ + x 2 ). 

C entroid : Applying Eq. 9-6 and pcrforming thc intcgradon, we havc 


- _ /o"°H j:2 + j2 )[(^ 2 -^)^ 

f;(x>-x>)dx 


tdA 
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C "" M ' % ’ - ‘« «"*. - 


dA aydx 


^ l^r~ = ÏTpr = i-6ii 




*♦( h-ldx. * 


9 ' 3fl - Locate 


centroid^ofthe shaded ; 


A -'x*Z' Ì T n,m Afm ' ^ e 7 0f 1 «^differendal,clemen (1 s «M 

* and its ceniroid ìs / = í - l x i ydX 

Ctntroid : Appl yu , g Eq. 9 - 6 and nnrf 

P«íomung íhc inicgradon. we have 

- í„ŷ<M f \jtfdx ) t] 1 "' 

y = 4^—- d-liv 2 m , 


= *>|ìw. ~ 133 “ An » 



1— I in.—|-— | in .-^| 
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*9-32. Locate the centroid of the ellipsoìd of revolution. 
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9-37. Locate the center of tHAii -x of the hemisphere. 

TTie density of the material varies linearly from zero at z 

the origin O to p 0 at the surface. Suggestion: Choose a f = 2 
hemispherical shell element for integration.?’ 



P = Po(-) 


dV = 2 xx 2 dx 


dW = pdV = (—) p 0 x 3 dx 
a 


lwîdW _ í 0 4 f(Vp 0 ) J J & 
lô (*TPo) * 3 * 



9-38. Locate the centroid z of the right-elliptical cone. 


£ + JL 2 = I 

16 9 



4 ft V 


Volume and Moment Arm : Frora thc scoractry. —* * JÌ 

10-z 10’ 

X = 0.4( 10-2) «nd -j— = y = 0.3( 10-e). The volume of *e thin 
dùkdifîerentáJelementis dV = taydz = Jrf0.4( 10— 2 )][0.3(10-z)]ife 
“ 0- 12jt( z 2 - 20z + 100) dz and its centroid z = z. 

Centroid : Applying Eq. 9 - î and performing the únegration. we h*ve 

r 1 of« 

__J v zdV J 0 z[0-12jr( z 2-2(k+100)<t] 

* ~ J v dV fTôri ' 

J 0.12t(z j -20z+ 100) 

0 

20 r J jVI'ot» 

° 2T 1 4 —3“ + 5 fe 

= - 7 ? -yTôíT = 2 - 50 » 

°l 2 'hT--10z 2 +100z 

J Q 


x 3ft 



^TJFÌ 
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9-39. Locate the centroid y of the paraboloid. 


Volume ani Moment Arm : here, z = 2y ! . The volume of the thin disk 
differentúl clement is dV - Jtz^dy = tr( 4v) dy and its centroid ŷ = y. 

Centroii : Applying Hq. 9-5 and performing the integrahon, we have 


JyŷdV Jl‘ y[ * { * y)dy] 

^ dV S x(*y)ày 


,CO,f,b) 





Ans 


-er 


4m 


*9-40. The king's chamber of the Great Pyramid of Giza 
is located at its centroid. Assuming the pyramid to be a 
solid, prove that this point is at z = \h, Suggestion: Use 
a rectangular differential plate element having a thickness 
dz and area (2x)(2y). 




dV = (2r)(2y) dz = dxy dz 


x = y = -Ah-z) 
n 


( m, f* 4 û 2 2 4û J , . z 3 . 4a 2 A 

f _ f A 4û 2 2 4fl 2 2 z 2 z 3 z 4 . a 2 iï 

ízdv=! o -v-zýzdz - 2A T + L,J = __ 


- = J ^ = ;xL = * 

z ~JdV~ 4 


3L* 
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^J(^y u ê^ ( fl í }9tìí\i. er ïfit Ì3 l09Sfi8ti c PW the centroid for the 
tetrahedron. Suggestion: Use a triangular ■plate'' elenient 
parallel to the v-v plane and of lhickness dz. 



l l 

i = cu - - b y) = 


jdv= i(x)(y)<fe = -|J 0 ->* 

\ rr z z abc 2 
J zdV = 5Í0 ‘*l 1 'c )<<1 ~c ) * " 24 


I zdv _ Hr_ _£ 

z " I<fv" _ Mr 4 



,_ocale *, »n.e, „f „»<, C «< «» » 
particles with respect to the ongtn O. 



^ m 




1 kg 10 kg 2 kg 


©- Q 

5kg 6 kg 


Center of Gravity : The weight of the puticles are VV, = 5 %, W, = 6 g, W, = 2g, 

W 4 = lOg and W, = lg and their respective Qenicrs of gravity are í, = 3 m, i 2 = 5 m, 
i, = -1 m. = -2 m and i 5 = -4 m. Applytng Eq. 9 - 8, we have 

ZÏW _ 3(5g) + S(6g) + (-1) (2g) + (-2) (lOg) + (—4) (lg) 

X = ~ZW = 5g + 6g + 2g+ lOg+lg 
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9-46. Locate the centroid (x, v) of the uniform wire bent 
in the shape shown. 



í 20 mm 


150 mm 


- 50 mm 




Centroid: The lengih of each segment and its respective centroid are 
tabulated hclow. 


Segment 

L(mm) 

í(mmì 

v(mni) 

xL( nnn 2 ) 

H(mm-) 

1 

150 

0 

75 

0 

11250 

2 

50 

25 

0 

1250 

0 

3 

130 

50 

65 

6500 

8450 

4 

100 

50 

150 

5000 

J5000 

5 

50 

75 

130 

3750 

6500 

L 

480 



16500 

41200 


Thus. 

TiL 16500 , , 

7 = - — =-= 34.375 mm = 34.4 niiit Ans 

ZL 480 

v = — 41 = 85.83 mm = 85.8 mm Ans 

ZL 480 


)' 



9-47. The steel and aluminum plate assembly is bolted 
together ttnd fastened lo the wall. Each plate has a constant 
width in the z direction of 200 mm and thickness of 
20 mm. If the density of A and B is p s — 7.85 Mg/m 3 , 
and for C, p„i = 2.71 Mg/m 3 , determine the location x 
of the center of tnass. Neglect the size of the bolts. 



Zm = 2|7.85(I0)'(0.3h 0.2)(0.02)| + 2.71(I0) , (0.3)(0.2H0.02) 
= 22.092 kg 

Z.irn = I5012[7.85(l0)'(0.3)(0.2)(0.02)i| 

+ 35012.71(10)’ (0.3)(0.2)(0.02)1 


— 3964.2 kg mm 

_ 39642 
' " ~Lm ~ 22.092 


— 179 mm 


Ans 
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*9-52. Each of the three members of the frame has a mass 
per unit length of 6 kg/m. Locate the position (x, y) of 
the center of gravity. Neglect the size of the pins at the 
joints and the thickness of the members. Also, calculate 
the reactions at the pin A and roller E. 


Ctntroid : The length of each segment and ìts respechve centrotd are tabulated 
belosv. 


tt L(m) 

i(m) 

>(m) 

iL(m 2 ) 

y'Lim 2 ) 

8 

4 

13 

32.0 

104.0 

7.211 

2 

10 

14.42 

72.11 

13 

0 

6.5 

0 

84.5 

28.211 



46.42 

260.61 

__Eí£ 

46.42 




" _ ÏT = 

28.211 

= 1.646 m = 1.65 m 

Ans 


260.61 




' V ZL ~ 

28.211 

= 9.238 

m = 9.24 ra 

Ans 


- 4 m—*j*— 4 m—-J 


Equations of Equilibrium : The lotal vveight of the frame is 

Vk = 28.211(6)(9.81) = 1660.51 N. 


+ IM a =0; 

^ (8) - 1660.51 (1.646) = 0 



E, = 341.55 N = 342 N 

Ans 

+ T ZF y = 0; 

A, +341.55-1660.51 =0 



Ay = 1318.95 N= 1.32 ItN 

Ans 

-+ ZF, = 0; 

O 

II 

Ans 



Z0l/l(í)(98'J ' 

ICtbO.çi // 



9-53. Determine the location y of the centroid of the 
beam's cross-sectional area. Neglect the size of the corner 
elds at A and B for the caìculation. 


35 mm )£■>' 

JdáítÊ 


—15 mm 


* fÁ * 15(110X50 ♦ 55) ♦ ♦ UO ♦ |), 39 3 

^ - *f25) J + 15(110) + *(y/ = 4575.6 tmn 2 


112 tnra 3 


v , Zŷ* 393 112 

ZA 1 '4575.6 * 85 9 nUn An 


50\ 
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9-54. The gravity waii is made of concrete. Determine 
the location (x. y) of the center of gravity G for the wali 


UA " + 2 ' 1(3)(3 > - 3.4(i)(3X0.6) - 1.2(i) (1 . 8 )(3) 

= 15.192 ro’ 

= 0 2(3.6X0.4) + I.9Í3X3) - l. 4 (i)(3X0.6) - 2 . 4 (i) (1 . 8X3 , 
= 9.6« m ! 


U = 3.6(0. 4 ) + 3(3) - i(3X0.6) - i(1.8 X 3) 


= 6.84 m 2 


- ZxA 

x ~ -- 

L4 


15,192 

6.84 


2.22 m 


Ans 


y 


Iy'A 9.648 

ït = - I4Im 


Ani 


segment has a thickness of 10 mm. * 3Ch 


Ctntroid ; The area of each segment and its respomve cenlroid are tabulaied 
below. 


Segment A(mm 2 ) /(mm) /A(mm ! ) 


1 

2 

3 

I 

Thus, 


40(10) 5 

100(20) 50 

60(10) 95 

3 000 


XýA _ 159 000 
1 2A 3000 


2 000 
100 000 
57 000 

159 000 


53.0 mro Ana 
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9-57. Determine the location ŷ of the centroidal axis x x 
of the beam’s cross-sectional area. Neglect the size of the 
corner welds at A and B for the calculation. 



Zy' A = 7.5(15)(IS0) + 90(150)(15) + 215(*)(50) J 

= 1 907 981.05 mra 3 

7A = 15(150) + 150(15) + n(50) 2 

= 12 353.98 mm 2 

ý = ZŷA = 1 907 981,05 

ZA 12 353.98 ~ !î4mn > An» 
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*9-60 YTi 

fr 0m a square boar(j 

; S 1 f ' '°»g. Deter min e h t hi l í 6 We, « hs 2 '«> and 

/°m the floor. Aiso, what is the a n é r ° f gravií >' is 
horizontal, through which it , i* 8 r measure d from the 

; W °' ,f i,s '^ s before it beg ns To "" be ti,ted 
íhickness of each leg, 8 over 'urn? Neglect the 


~4ft- 


r 4ft 


*-^r- i22LliS)a2 

15 + 4(2) = 2.4« ft 


« : 


2.48 ’ 


3 8.9“ 


Ans 


Ans 


**r» ■ 




3 ft 


òoh« i°,r tbe cemraid 5 ° f ,h ' ■"» 




Thus, 


Setmcnt 

4 (ln 2 ) 

/(>".) 

jCA (in’) 

1 

14(1) 

15.5 

217.0 

2 

6(2) 

13 

156.0 

3 

16(1) 

8 

128.0 

I 

42.0 


501.0 


501.0 



* âT" 

42.0 = 

1193 in. 

» 11.9 in. 


Ans 


in.—«j 


10 in. 


I* - — 8 in.——*| 



’ I in. 


9-62. Determine the location ï r,f .u 

•h.«.,,..h,eh,, P ,„ , r^^rs^ 



tXA ï^ìa tìn “> ~ 5(r«ina)(rco S a)(| rco , a) 
3 “"r 1 ~ T siaa co S 2 a 


£4 = V 


^r-a - -(r S îna)(rcosa) 


V (° 


sin2a 


2A i 


gin 3 c 


ì r2 (<* - ^ 2 ) a - *« 


Ans 
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9-63. Locate the centroid y of the channel’s cross- 
sectional area. 


12 ín.—-*tr— 

c 



Ctntroid : The area of each segmentand its rcspectìve centroid aretabulatcd 
beiow. 

Segment A(in 2 ) jr(in.) yA (in 5 ) 
t 6(4) 3 72.0 

2 12(2) 1 24.0 


ZŷA 96.0 

v = -3— =-= 2.00 in. 

’ 1A 48.0 


_I 


*9-64. Locate the centroid ŷ of the cross-sectional area 
of the beam constructed from a channel and a plate. 
Assume all corners are square and neglect the size of the 
weld at A. 



oid . The area of each segment and its rcspective centroid are rflhnlnieH 

below. 


Segment 

A (mm 2 ) 

/(mm) 

/4 (mm 1 ) 

1 

350(20) 

175 

1 225 000 

2 

630(10) 

355 

2 236 500 

3 

70(20) 

385 

539 000 

I 

14 700 


4 000 500 

. E/4 

4 000 500 



y ~ lT = 

14 700 

272.14 rnm = 272 mm 


38fnm\ 355mm\ 


350 fm 

tOmm 


630 mnn 
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9-65. Locate tbe centroid (x, ŷ) of the member s cross- 
sectional area. 


Ctntroid: Ttic area of each segraent and hs respective oentroid are tabulased 
below. 


Segmcnt A(nun 2 ) í(mm) j(mm) iA(mm 3 ) j/t(mn > ) 


-(30) (90) 

20 

30 

27 000 

30(90) 

45 

45 

121 500 

100(50) 

110 

25 

550000 

9 050 



698 500 


. ZxA 698 500 

x = = = 77.18 mra = 77.2 mm Ans 

._I>A 287 000 

y = = g 0JQ - = 31.71 mm = 31.7 mm Ans 


30 mm 

■ 

masBm i m 


30 rnîT TÔ) 


Tp 1 

30' nm 


9-66. Locate the centroid y of the concrete beam having 
the tapered cross section shown. 


' 300 mm, i 

"3 




lŷA - 900(80X10) + 100(360)(260) + 2[í( 100)(360)(200)J = 19.44(10*) mm' 

LA = 900(80) + 100(360) + 2[Í(100)(360)J = 0.144(10*) mm' 

- _ ZŷA _ 19.44(10*) 

y IA 0.144( 10*) = 135 mm An * 
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9-67. Locate the centroid v of the beam’s cross-section 
built up from a channel and a wide-flange beam. 


Centroid: The area of each segment and its respective centioid are 
tabulated below. 


A(in 2 > 

v(in.) 

>•/4 (in 3 ) 

14.0(0.4) 

16.20 

90.72 

3.40(1.30) 

14.70 

64.97 

10.3(0.76) 

15.62 

122.27 

14.48(0.56) 

8.(X) 

64.87 

10.3(0.76) 

0.38 

2.97 

33.78 


345.81 


ZxA 345.81 

?= tT = iï7ir = l0 - 24in = l0 ' 2in - Ans 


*9-68. Locate the centroid y of the bulb-tee cross 
section. 


Centroid: The area of each segment and its respective centroid are 
tabulated below. 


A(mnr) 

y(mm) 

vA(mm) 

450(50) 

600 

13 500 (XX) 

475(75) 

337.5 

12 023 437.5 

ì (225)(75) 

125 

1 054 687.5 

300(100) 

96 562.5 

50 

1 500 000 

28 078 125 


_ EvA 28 078125 

v = = . = 290.78 mm = 291 mm Ans 

ZA 96 562.5 


16.2 in. 15.62 in 14.7 ín. 


225 mm —*L- 225 min 





—75 mmj 
© 4(X) mm 


50 mm 1 3(X) mm 
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I r!í 9 - D £ term ine the7~ t '-- 

I ^ [° wflicíl a 

JocatcdTî , r t6r ° f mass of ,he r s î baS " ° f tíle 

SAW. “ 5 "» -^e material JaShToÍ 



Ì IÍ 01 5)Vq .5 I ,çu 

* - 0.230 f, - 0.0300 = 0 
Choo S ú íthepositìveroo[i 

A = 323 mffl Anj 


9-7°. Determine the distance z to the centroid of the 

ì ape wh,ch cons, sts of a cone with a hole of height 
« - 50 mm bored into its base. 


£ÍV = 3*(°1î) 1 (0-5)(^) - *(0.05) 2 (0.05)(^ ) 
“ 1.463(10- 3 ) m 4 

XV “ 3 ïr (°.15) ï (0.5) - Jr(0.05) 2 (0.05) 


- 0.01139 m 3 
- _ ZÏV __ 1.463( 1Q~ 3 ) 

Z v 0.01139 = 0 12845 m = 128 mm Anj 


DeìrtnÍ (he^S ^^-ensions shown. 


centroid. 


X^4 - 4<3) ♦ -(3X6) « 21 m 3 


» -2(4X3) + oQ)(3X6) - -24b, 3 
£ * » 1.5(4)(3) * |(3)Q](3K6) - 3í m 3 

ZiA - 0(4X3) - j(6)Q](3X6) - -lgin 3 

- ZM -24 

= ■jj" “ -1.14in. Ana 


- ZỳA 36 

y “ IA " 2l = 171 A “ 



- I ÌA -18 

J * 77 ■ -JJ- - “0.857 in. An 
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♦9-72. The sheet metal part has a weight per unit area 
of 2 lb/ft 2 and is supported by the smooth rod and at C. 
[f the cord is cut, the part will rotate about the y axis untìl 
it reaches equilibrium. Determine the equilibrium angle 
of tilt, measured downward from the negative x axis, that 
AD makes with the -x axis. 




s<e joluôon to Prob. 9 - 71 


centroid. 



% 

F 

/ 

'V »- 

/ 


/ 6 

' ajnivX, 

'1 1 

’ u 


9-73. Determine the location (jf, y) of the centroid C of 
the cross-sectional area for the structural member 
constructed from two equal-sized channels welded 
together as shown. Assume all corners are square. Neglect 
the size of the welds. 



ZxA = 1.5(0.5)(0.23) + 10(0.5)(5) + 1.5(0.5)(9.75) 
+ 1.5(0.5)(5.25)(2) + 10(0.5)(4.25) 

= 61.625 in 3 

IA = [1.5(0.5) + 10(0.5) + 1.5(0.5)](2) = 13 in 2 
ZxA 61.625 


LA 


13 


4.74 in. 


ZŷA = 1.5(0.5)(1.25)(2) + 10(0.5)(0.25) + 1.5(0.5)(0.75) 
+ 10(0.5)(5.5) + I.5(0.5)(10.25) 

= 38.875 in 3 

ZŷA 38.875 


y = 


IA 


13 


= 2.99 in. 


Ans 
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9-74. Determine the location (x, v) of the center of 
gravity of the three-wheeler. The location of the center of 
gravity of each component and its weight are tabulated in 
the figure. If the three-wheeler is symmetrical with respect 
to the x-y plane, determine the normal reactions each of 
its wheels exerts on the ground. 

=4.5(18)+ 2.3(85)+ 3.1(120) 

= 648.5 Ib-ft 

£W = 18 + 85 + 120 -+8 = 231 lb 

î£W = 6483 =28 l ft A „ 

_ ZW 231 

ZỳW = 1.30( 18) + 1.5(85) + 2< 120) + 1(8) 

= 398.9 Ib-ft 

Z£W = 3989 = | 73 ft Atts 

1 _ ZW 231 

C +ÏAÍ,1 =0; 2(N«)(4.5) -231(2.81) = 0 

/V« — 72.1 lb Alls 

+ (Ef,=0; N, +2(72.1) - 231 = 0 

N ,, = 86.9 lb Ans 


!. Reartvhccls 18 Ib 

v 2. Mcchanical cnmiionctlts 85 Ib 

1 3. Framc 120 lb 

4. Front whccl 8 lb 


j f t ‘ -Y* 1 2 j f ' 


-2.30 fl-1--4-1.4t)fl-i 

0.80 n 



9-75. Major floor loadings in a shop are caused by the 
weights of the objects shown. Each force acts through its 
respective center of gravity C. Locate the center of gravity 
(J, y) of ail these components. 



Centroid: Thc loaíìings on the floor and its respective centroid 


are tabulated below. 

Loading W'(lb) 

-ï(ft) 

Í(f0 

xW( lb-ft) 

ŷW 

1 

450 

6 

7 

27(X) 

3150 

2 

1500 

18 

16 

27(XX) 

24(XK) 

3 

600 

26 

3 

156(X) 

1800 

4 

280 

30 

8 

84(X) 

2240 

Z 

2830 



53700 

31190 


ZxW _ 53700 
ZW ~ 2830 

ZỳW _ 31190 
: Z W ~ 2830 


= 18.98 ft= 19.0 ft Aas 


= 1 1.02 ft = 11.0 ft Ans 
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9-78 The buoy is made from two homogeneous cones 
each having a radius of 1.5 ft. If it is required that the 
buoy’s center of gravity G be located at z - 0.5 ft, 
determine the height h of the top cone. 


ZzV = ì<r(1.5) J (A)(-^) + i*(1.5) J (4)(í) 


= -0.5890 h + 9.4248 



ZV = ^ff(1.5) J (A) + |«<1.5) J (4) 
= 13562 h + 9.4248 


ZiV _ -0.5890 h? + 9.4248 _ Q5 
1 ~ ZV _ 2.3562 A + 9.4248 


-0.5890 A 1 + 9.4248 =1.1781 A +4.7124 


9-79. Locate the centroid z of the top made from a 
hemisphere and a cone. 


Centroid : The volume of each segmem and its rcspecóve centroid tue tabulated 
below. 



Segment V(mm’) î'(mm) î'V(mm 4 ) 
2 


3»( 24’) 


129 1.188864tr( 10®) 


jir(24 J )(120) 90 


32.256t( 10 5 ) 




3.262464;r( 10*) 


-_ZzV _ 3.262464tr( 10 6 ) 

IV ~~Ï2.2S6n(UP )" = 101 - ,4mra = 1°1 n>n> Ans 
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*9-80. A triangular plate made of homogeneous material 
has a constant thickness which is very small. If it is foJded 
over as shown. determine the location ŷ of the plate’s 
center of gravity G. 


I 


-2 


XA = -(8){12) =48 in 
' 1 


ZJvA = 2CI) (|)(1 >C3) + l-5(6)(3) + 2(2) Q j (I)(3) 
= 36 in' 


ŷ=£M = * =( ,. 75i 

Y.A 48 


Ans 


9-81. A triangular plate made of homogeneous material 
has a constant thickness which is very small. If it is folded 
over as shown, determine the location z of the plate’s 
center of gravity G. 


9-82. Locate the center of mass z of the assembly. The 
material has a density of p — 3 Mg/m 3 . There is a 30-mtn 
diameter hole bored through the eenter. 


Centruid: Since Ihe dcnsity is Ihe same tor Ihe whole malerial, the 
centroid of thc volume coincide with centroid of the mass. The volume 
of etich segment and its respective centroid are tabulated below. 


Segment 

V fmm') 

:(mm) 

rV(mm 4 ) 

1 

1t(40 2 )(60) 

V(40 2 )(100) 

115 

3.68tU 0 í ) 

2 

50 

8.00t( 10 í ') 

3 

-jt^HSO) 

137.5 

-0.550t(10 6 ) 

4 

—tr(15 2 )(130) 

65 

-1.901 25t(I0 6 ) 

£ 

158.75^(10’) 


9.228 75TU0 6 ) 


Thus, 


_ EjV 9.228 75n-(]0 6 ) 
2 “ YV ~ I58.75n(l0 3 ) 


58.13 mm = 58.1 mm Ans 
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distance v to the centroid of the shaded area. Then using 
the secottd theorem of Pappus-Guldinus, determine the 
volume of the solid generated by revolving the shaded 
area about the x axis. 


Area of the dìfferentìal elemem dA — ( ! I = j </v 
A = <M = jf (' + y ) = T.B3 ft’ = 3.33 ft 

f ' VdA 4 


— | dx and v = v 


' f = TTT = 3333 = ' 2 " 


V' = HrA = 2,ti I 2)(3.333) = 25.1 fr’ Ans 


9 - 87 . A steel wheel has a diíimeter of 840 mm and a 
cross section as shown in the figure. Determine the total 
mass of the wheel if p = 5 Mg/nr’ 


30 inm-fTtL 60 mm 



; ni -— 1 

1 420 ìnm 

250 mm 
|30 mm 

|T T 
J 80 mm 


Volume: Applying the theorem of Pappus and Guldinus, Eq. 9-12, with 
0 = 2t. r I = 0.095 m. r 2 = 0.235 m. r 3 = 0.39 m. A , = 0.1 (0.03) = 
0.003 nr, A : = 0.25(0.03) = 0.0075 m 2 and M, = (0.1M0.06) = 
0.006 nr, wc have 

V = 0T7A = 2t|0.095(0.(K)3) +0.235(0.0075) +0.39(0.006)1 
= 8.775t( 10-')m’ 
fhe mass of the whcel is 


m = pV = 5(10’)[8.775(!0 _3 )t 1 



A | 


• 0.25 m 

A, 


r, = 0.095 m 
Tj = 0.235 m 
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*q «« The hopper is filled to its top with coal. 
Detcrmine the volnmc of coal if the voids (a.r space) are 
rs nerccnt of thc volume of the hopper. 

Votume : The volume of ihe hopper can be obumed by applymg the theorem of 
Pappui and Guldinus, Eq. 9 — 12, with 6 = 2n, f, = 0.75 m, f 2 = 0.6333 m, 

f, =0.1 m. A, = 1.5(4) = 6.00 m 2 , A 2 = i(l.3)(1.2) =0.780m J and 

A, = (0.2)(1.2) = 0.240 m 2 . 

V„ = 6IÍA = 2tr[0.75(6.00) +0.6333(0.780) +0.1(0.240)] 

= 10.036rr m’ 

Thc volume of ihc coal is 

V t = 0.65v; = 0.65 (I0.036tr) = 20.5 m’ Ans 


£--Ofc333m — v, 

r . /-'A, l-Zm 

—* 0-2 m 



9-89. Sand is piled betvveen two vvalls as shown. Assume 
the pile to be a quarter section of a cone and that 26 percent 
of th.s volume is voids (air space). Use the second theorem 
°f Pappus-Guldinus to determine the volume of sand. 





4 í 

L ( 2 )(1)( 2 )(3)(2) J (a74) * 3.49 m 5 

Ans 

i. t 


9-90. The rim of a flyvvheel has the cross section A-A 
shown. Determine the volume of material needed for its 
construction. 



M 

20 mm 
Section A-A 


V - LffrA - 2nf350)(60)(20) + 2»(320)(40)(20) 

V = 4.25(10*) mm s Ans 
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9-91. The open tank is fabricated from a hemisphere 
and cylindrical shell. Determine the vertical reactions that 
each of the four symmetrically placed legs exerts on the 
floor if the tank contains water which is 12 ft deep in the 
tank. The specific gravity of water is 62.4 lb/ft 3 . Neglect 
the weight of the tank. 



Volume: The voiume <>f Ihe water can be obtained by applying 
the theorem of Pappus and Guldinus, Eq. 9-12, with 0 = = 

4 ft, r- = 3.395 ft. Ai = 8(4) = 32.0 ft 2 andA; = 4 rr(8-) = 50.27 ft 2 . 

4 

V = 0TTA = 2jt|4(32.0) + 3.395(50.27)] = 1876.58 ff' 

I'he weight of the water is 
W = y li: V = 62.4(1876.58) = 117098.47 lb 
Thus, the reaction of each leg on the floor is 




117098.47 

4 


= 29274.62 Ib = 29.3 kip 


Ans 


*9-92. Determine the approximate amount of paint 
needed to cover the outside surface of the open tank. 
Assume that a gallon of paint covers 400 ft 2 . 



Surface Area: Applying the theorem of Pappus and Guidinus, 
Eq. 9-11. with (f = 2 tt , L\ = 10 ft, L^ = —^ = 4 tt ft. T\ = 8 ft and 
16 . 

= — tt, we have 

TT 


r i6 i 

A = 0Y.7L = 27T 8(10) + — (4tt) = 288.T ft' 


Thus. 

288t 

The required amount paint = —= 2.26 gallon Ans 


7j = 8 ft 



10 ft 


- 2 ( 8 ) 16 .. 
' 2 = Tr = 


U 


/. i 
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9-99. The process t;mk is used to store liquids during 
manufacturing. Estimate both the volume of the tank and 
its surface area. The tank has a flat top and the plates from 
which the tank is made have negltgibie thickness. 


V' = 1.0? A = 2t I ( - I (31(4) + I 5(3)(6) 


- 3 m —*j*— 3 m —**. 


f.4 = 2 a[l(i) 


V = 207.3 m = 207 m-‘ 


.4 = 10?L = 2.t| 1.5(5) + 3(6) + 1.5(3)1 




*9-100. Detennine the height /i to which liquid should 
be poured into the cup so that it contacts half the surface 
area on the inside of the cup. Negtect the cup’s thickness 
for the calculation. 


A = 07 L = 2t 1207(20)-’ + (501- + 5(10)1 


= 2t(I 127.0.3) min 2 



( h \ I / 2h \ ~ 1 

10+ Ì)v Ít ) + /|2 = 2 <2 -’ r )' ll27 03) 


10.77/j +0.2I54/1 2 = 513.5 


/i = 29.9 mtn 


9-101. A V-belt has as inner radius of 6 in., and a cross- 
sectional area as shown. Determine the volume of material 
used in making the V-belt. 


Volume: Applying the Iheorem of Pappus and Gutdinus, Eq. 9-12, with 
0 = 2ji, r t = 6.4665 in.. ?2 = 6.6220 in.. . 4 1 = 0.5(0.9330) — 

0.4665 in 2 and d 2 = ^(0.5X0.9330) = 0.2.333 in 2 , we have 
V = 0Z7A = 2tx 1 6.4665(0.4665) + 6.6220(0.2333)1 



p- t* 0.5 in. —7 -*{ 

0.25 in. 0.25 ín. 


0.25 in. 0.25 in. 
I I 0.5 in. | I 



; = 6.6220 in. F, = 6.4665 in. 
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9-102. The full circutar aluminum housing is used in an 
automotive brake system. The cross section is shown in 
the figure. Determine its weight if aluminum has a specific 
weight of 169 Ib/ft 1 . 


f Pat)DU s and Guldinus, Eq. 9-12, »>* 

Volum, : APP>ying *e *cor«u of = ^ ^ ^ „ 0.25(0.5) ^ 

8 = 2 *, r, =0.815 m.. , =0 25(0.9) =0.225 m , 

= 0.125 in 2 , Aj = 0 . 15 (3.25) = 0-4875 in »nd Aj 0. 


wc havc 




Xhe wdght of *e housing is 


f3.850V n „ 71b Ans 

w = yv=i69[ lir ) = 0- 3771b 


t^^O-075» 4 


ÍX» 08 WÌ 8 .' 

rç*o-4&i>i 


oz5>n. 


3ZSin■ 



9-103. Determine the height h to which liquid should be 
poured into the conical cup so that it contacts half the 
surfacc area on the inside of the cup. 


Surface Area : Thií problem requircs thal -A^ = A 2 . Appiying thc theorero of 
Pappus and Guldimis, Eq.9-9, with 6 = 2ic, L, = /50 2 * 150 2 = 158.11 raro, L 


- iRïï -^ v ,- 


25 mm and r 2 = - , we have 
6 


-(er,L,) = «r 2 Lj 

^[2*(25)(158.11)]=2*Q)[^/i 


fy*í5irm 



Li~ì 5£> Ifmm 


'SjU-fh 
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*9-104. Determine the surface area of the roof of the 
structure if it is formed by rotating the parabola about 
the y axis. 


Cen troid ; The length of the differentàl elemem ìs dL = /dx^Tdp 

= f+iiïi) )‘ t " d centro,d Here. £ - ~ . Evelouing d,e 

micgrais, we have 


/>I6«/ i- 

L = JáZ.= Ji + LU = 23.663 m 

J o l' 64 ) 

S^dL = j x^jl +í-j < fa* 217.181 ro 2 


Applying Eq. 9-7 . wehave 


x = 



217.181 

23.663 


9.178 m 


5nr/oee /Iren ; Applymg the theorem of Pappus and Guldinus, Eq.9-9. with 
6 = 2>r, L = 23 663 m, f =jf= 9.178, we h»ve 


A = BrL = 2<r(9.178) (23.663) = 1365 m 2 


Ans 



v = 16 - (jc 2 / 1 6 ) 


16 m 



9-105. Determine the interior surface area of the brake 
piston. It consists of a fuil circular part. íts cross section 
is shovvn in the figure. 


A 


'L6ŶL 


= 2 * 120(90) + 55/(3Ô)î 
+ 90(60) + 100(20) + 


+ (80)2 + 80(20) 
110(40)) 


A= 119G0 3 ) 


Ans 


9-106. Determine the magnitude of the resultant 
hydrostatic force acting on the dam and its location, 
measured from the top surface of the water.The width of 
the dam is 8 m; p„ = 1.0 Mg/m 3 . 




604 










9-108. When the tide water /1 subsides, the tide gate 
automatically swings open to drain the marsh B. For the 
condition of high tide shown, determine the horizontal 
reactions developed at the hinge C and stop block D 
The length of the gate is 6 m and its height is 4 m' 
p,„ = 1.0 Mg/m , 


Fluid Prtisure : The fluid pressurt at points D and E can be dcaennined usinj 
Eq. 9- 15, p-pgz. 

Po = 1.0( 10 3 ) (9.81)(2) = 19 620N/m 2 = 19.62 kN/m z 
p c = 1.0( 10 3 ) (9.81) (3) = 29 430 N/m 2 = 29.43 kN/m 2 



w D = 19.62(6) = 117.72 lcN/m 
» £ = 29 43(6) = 176.58 kN/m 


Rtsultant Forces : 


F s, = j(176.58)(3) = 264.87 kN 
F i, = |( 117.72)(2) = 117.72 kN 


Equaiions of Equilibrium . 


+ ZM C = 0; 264.87(3) -117.72(3.333) -D x (4) =0 

4 = 100.55 kN = 101 kN Ans 

-+Z/ï=0; 264.87-117.72- 100.55-C, =0 

C,= 46.6 kN Anj 


fí,^USlh 


• \ 

! \ 
t \ 




- J E í ) D*- 

í-Uí- 56 r>fa - iijjz u/" 
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9-109. The concrete “gravity" dam is heid in place by its 
own weight. If the density of concrete is p c = 2.5 Mg/m’, 
and water has a density of p lr = 1.0 Mg/m', determine 
the smallest dimension á that will prevent the dam from 
overturning about its end A. 



Consider a t - m width of dam. 


w= 1000(9.81)(6)(t) = 58 860 N/m 


F = —(58 860)(6)(1) = 176 580 N 


W = -(d)(6)( 1X2500)(9.81) = 73 575dN 


(+IM a = 0; - 176 580(2) + 73 575 d {^d\ = 0 


d - 2.68 m Ant 



9-110. The concrete dam is designed so that its face AB 
has a gradual slope into the water as shown. Because of 
this, the frictional force at the base BD of the dam is 
increased due to the hydrostatic force of the water acting 
on the dam. Calculate the hydrostatic force acting on the 
face AB of the dam. The dam is 60 ft wide 
y„ = 62.4 Ib/ft', 

4 C 


-((62.4)(t2)(21.63)](«0) 


/T . Â e ° ° ° 3 'O ° «•£> 


9-111. The semicircular tunnel passes under a river 
which is 9 m deep. Determine the vertical resultant 
hydrostatic force acting per meter of length along the 
length of the tunneí. fhe tunnel is 6 m wide; 
P w =1.0 Mg/nv 1 . 


-6m-- 



F = 9.81(1)(6)(6) + 2(1)(9.81)(3(3) 


F = 391 kN/m Ani 
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•9-112. The tank is used to store a liquid having a 
specific weight of 80 lb/ft\ If it is fìlled to the top, 
determine the magnitude of force the liquid exerts on 
each of its tvvo sides ABDC and BDFE. 



FluU Frtsturt: 

Eq. 9-15, p = n 


The fluid pressure « poinu BsndEcunbe .tornninol using 


p, = 80(4) = 320 lb/ft 2 Pe = 80 < 12 > = 960 " >/f ^ 

„,= 320(12) = 3840 ib/ft * £ = 9b0( 12) = 11520 lb/ft 

Rnultant Forc, : Tbe resultuntforee m» on suf«ABCDis 

F. =1(3840) (/52)= 13 845.3Ub= 13.8 top A “ 

«1 0 


/ 


,-4 6 *ì&44 ib/ft 


>nd acts on surfacc BDFE is 


f . 1(3840+11520(8) = 61 440lb = 61.4kip An * 


yf e • H5Z0 H/ft 


9-113. Determine the resultant horizontal and vertical 
force components that the water exerts on the side of the 
dam. The dam is 25 ft long and y w = 62.4 lb/ft\ 


FluU Protture : The fluid prcssure «tthe toe of thedtin c«n be òaemuned 
usmg Eq. 9- 15, p = yz. 

p = 62.4(25) = 1560 lb/ft 2 = 1.56 Itip/ft 1 


|ggpps 


H 2 -7' 


w = 1.56(25) = 39.0 icip/ft 

Rtsultant Force : From thc inside back cover of (he text, the area of the 
2 2 

semiparabolic area is A = -ab = - (10) (25) = 166.67 ft 2 . Then, the venical 
coraponent of the resuhant force is 

F, =rV = 62.4[ 166.67(25)] = 260 000 lb= 260 Idp An* fei. 


and the horizontal component of the resultant force is 


F, t = -(39.0) (25)= 487.5 kip 
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9-115. The storage tank contains oil having a specific 
vveight of y D — 56 Ib/ft'. If the tank is 6 ft wide, calculate 
the resultant force acting on the inclined side BC of the 
tank, caused by the oil, and specify its location along BC\ 
measured from B. Also compute the total resultant force 
actíng on the bottom of the tank. 


W, = bp 0 h = 6(56) (2) = 672 Ib/ft 
W c = bp 0 h = 6(56)(10) = 3360 Ib/ft 
= 8(672) - 5376 lb 


■♦«..JIÍL 


^ = -(3360 - 672)(8) = 10 752 lb 



fv, = 3(2) (6) (56) = 2016 lb 


Fy, = r(3)(8)(6)(56) = 4032 Ib 


= ZF „; 


F, x = 5376 + 10 752 = 16 128 Ib 


+ = lF y ; F„ = 2016 + 4032 = 6048 lb 


F, = i/(16 128) 2 + (6048)2 


= 17 225 lb = 17.2 kip 
„ 6048 

6 = “ W ■ 20 ' 56 °^ 




nZUd= 10 752(-)(8) + 5376(4) + 2016(1.5) + 4032(2) 


F, = 4<14)(6)(56) = 18 816 lb = 18.8 kip Ans 


♦9-116. The arched surface AB is shaped in the form of 
a quarter circle. If it is 8 m long, determine the horizontal 
and vertical components of the resultant force caused by 
the water acting on the surface. p v — 1.0 Mg/m 3 . 


ÉésÉ&M'ììì;* 


F, = 1000(9.81)(3)(2)(8) = 470.88 kN 
F, = 1000(9.81)(3)(2)(8) = 470.38 kN 


F t = 1000(9.81)(2)(-)(2)(8) = 156.96 kN 


tt' = f(2) 2 - -ir(2) 2 ](8)(1000)(9.81) = 67.37 kN 



F , = 156.96 + 470.88 = 628 kN Ans 


F, " 470.88 + 67.37 = 538 kN Ans 
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9-119 The pressure ioading on the plate is descnbed 
9-nv. t ... , n . gr ib/ft 2 . Determme 

intersects the plate. 

t'= lfl [í7TT) +8 ] 

f '' = // í ' A = í 10 [^ +8 l 3J ’ 

r R = 30[6tn(, + 11 + 8*16 = 677.75 lb = 678 Ib Ans 
jjp ja = j/ , (|0 > [íj^d + 8 ] 3 ‘ lx 

= 30|6(, - ln(l + ,)> + 4jc2 iô = 642.250 

. ^2= 0.948 f. An 

x = T T " 677.75 


9-120 The tank is fltled to the top (} = 0.5 m) with 
water having a density of Pw = 1.0 Mg/nr’ Determme 
the resultant force of the water pressure acting on the flat 
end plate C of the tank, and its location, measured from 
the top of the tank. 



JF = /? tM = (1)(9.81)(0.5 - v) Zx dy 

/ 0.5 -- 

(0.5 - y)(v (0.5) 2 - v- dy 

•0.5 

= ^ [>V(0.5) J -> J +0.5 í »in- 1 
2(9.81) 


i[ v /((0.51 : - 


F = 3.85 kN 


J y JF = 2(9.81) j°'\ °-5>' - >' 2 )(>/(0.5) 2 - y 2 dy = >9.62 j [- 3 v /|( 0.5) î rl’]_ M 

_ •> y •tO.5 | 

=[v / idb5) î ^ r ) 3 Fl-(» - np + <a5,î si,r ' (T5J-o.sI 


f<-</) 


Hence. measured írom the top ot the tank, 
d' =0.5 + 0.125 = 0.625 m Ans 
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9-121. The wind blows uniformly on the front surface of 
the metal building with a pressure of 30 Ib/ft 2 . Determine 
the resultant force it exerts on the surface and the position 
of this resultant. 


F , = j'ìoaxdy) 


= 601* /Sy 1/2 dy 



= 60/8(-)(8) J,J = 2560 Ib 


ŷ = tiyW)(2xdy) _ 60Í' Jïfidy 
2560 2560 

. 60 v^Ì(f)( 8 ) 5/î 

y = = 4 ' 80 « 

AIso, from table ín back of text: 


2 2 

F r = pi-ab) = 60(-)(8)(8) = 2560 


ŷ = -(8) - 4.80 0 


F„ = 2560 + 30(3)(I6) = 4000 Ib = 4.00 kip 


4000(>) = 4.80(2560) + 9.5(30)(3)(16) 
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9-122. The loailing acting on a square plate is repre- 
sented by a parabolie pressure distribution. Determine the 
magnitude of the resultant force and tlte coordinates (x v) 
of the point where the line of action ot the t'orce intersects 
the plate. Also, what are the reactions at the rollers B and 
C and the ball-and-soeket joint A? Neglect the weight of 
the plate. 


V = V 

dA — p dy 
= 0 Ans 


(Due to synimetry) 
f ,IA = ff 2v 1 *dv = jy v2 ] = >0.67 kN/m 

. h 


25.6 kN 


v JA 


l 


(iA 


25.6 

10.67 


= 2.40 m 


F k = 10.67(4) = 42.7 kN 
IMv = 0; B y = C y 
ZM X = 0; 42.67(2.40) - 2fí v (4) = 0 

fí K = Cv = 12.8 kN 


Ans 


Ans 


Ans 


9-123. The tank is filled with a liquid which has a density 
of 900 kg/m 3 . Detennine the resultant force that it exerts 
on the elliptical end plate. and the location of the center 
of pressure, measured t'rom the x axis. 


Fluid Pressure: The fluid pressurc at an arbilrary point along v 
axis can bc dctermined using Hcj. 9-15, p — X(.0.5 — .V) = 900(9.81) 
(0.5 - v) = 8829(0.5 - }•>. 


Ans 


= —866.7 N m 

>'<IF k 


U dF * 

í c if r 
Jr* 


-866.7 

6934.2 


= -0.125 m Ans 





• V dv 


42.67 kN 



t = 0; A y -42.67 + 12.8+ 12.8 = 0 

A y = 17.1 kN Ans 


1 

— 1 m—1 

— 1 m-J 


2k — 

/1 

L 4 y~ + x 2 = 



t 

0.5 m 

4__ 


• . 

t 

0.5 m 


i mM 



Resultant Force and its Location: Herc, x = v /l — 4yT The volume 
ot' the differential element is dV = JF K = p(2xdy) = 8829(0.5 - 
v)|2v/l -4 y 2 ]dy. Evaluating the integrals using Stmpson's rule, 
we have 


r /-« 5 m _ 

F r = / dF K = 17658 / (0.5 - y)(/l -Ay 2 )dy 

7-0.5 in 

= 6934.2 N = 6.93 kN 

ç Ì-0.S n. - 

/ HF r = 17658 / y(0.5 - y)(v 1 - 4y 2 Wy 

Jf„ ' 7- 0-5 m 
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*9-124. A circular V-be!t has an inner radius of 600 mm 
and a cross-sectional area as shown. Determine the 
volume of material required to make the belt. 



= 2rr[0.625(2) ( ì) (0.025)(0.075) + 0.6375(0.05)(0.075)] 


= 22.4( 10) 3 m 3 


9-125. A circular V-belt has an inner radius of 600 mm 
and a cross-sectional area as shown. Determine the 
surface-a+ea of the belt. 


= 2*10.6(0.05) + 2(0.6375)(V(0.025)î + (0.075)») + 0.675(0.1)] 


= 1.25 m Ans 


9-126. Locate the centroid y of the beam’s cross- 
sectional are^í^ ‘ 


50 mm 50 min 

k - — »j 75 mm 75 mm —j |*- -j 


Ctntroid : The area of esch segment and iti mpecóve oemroid are tabulued 
bclow. 


Segment /«(min 2 ) jf(mm) //Ifmm 5 ) 

1 300(25) 112.5 843 750 

2 100(50) 50 250 000 


1093 750 


- Zji* 1 093 750 

y= îr’^iw" 87 - 5mra 


300 ry)/r) 


: t IQ0M 

50nm 
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9-12^. Locate the centroid of the solid. 



Volumt tmi Momtnt Ârm :Thc volume of Ihe thin disk differential elemem is 
JV.ty'dz* *[<{*-1)]* = *(«-\)<^ ' a “ nm>id “ " £= Z ' 

Ctntroid : Due to symmetry ibout the z axis 

í = ŷ = 0 Ans 

Applying Eq. 9 - 5 and performing the iniegration, we have 
_ Jvfr/V 

z 1717 C4-!> 


(cê e s V 

"U 6 J 

( ïïT 3 

* J • 


_Uk m l a 

r l M 2 * 3 



♦9-12«. Determine the magnitude of the resultant 
hydrostatic force acting per foot of length on the sea wall; 
y w = 62.4 lb/ft 3 . 


y = -2r 3 


Flmid Prtssure : Thc fltud prcssurc at thc toc of thc dara can bc determincd 
using Eq. 9- 15, p = yz. 

p = 62.4(8) = 499.2 lb/ft ! 




w =499.2(1) = 499.2 Ib/fi 


Rtsultant Forets : From the inside back cover of the text, the 

1 1 j 

exparabolíc area is A = -ct = — (8)(2) = 5.333 ft . Then, Ihe vcrócal and 
horìzontal coraponcnts of the resultanl force arc 

F k =yV = 62.4(5.333(1)] = 332.8 lb 
F„ t = 1 (499.2) (8) = 1996.8 lb 

The resultant force and is 


F, = + = ■/ 332.8 2 + 1996.8 2 

= 2024.34 lb = 2.02 kip Ans 



il —r 


j- —j— i 

lb/ft ^ 


615 






www.usacingenieria.blogspot.com 


9-129. The tank and compressor have a rnass of 15 kg 
and mass center at G T and the motor has a mass of 70 
kg and a mass center at C M . Determine the angle of tilt, 
0 of the tank so that the unit will be on the verge of 
tipping over. 


ï.ílV 

zw 


0.2(15) + 0.5(701 
15 + 70 


= 0.4471 m 


_ 0.35(15) + 0.625(70) 
EIV - 15+70 


= 0.576 47 m 


tí — lan 1 



0.4471 
0.57647 


= 37.8° 


Àns 




9-130. The thin-wal!ed channei and stiffener have the 
cross section shown. If the material has a constant thick- 
ness, determine the location y of its centroid. The dimen- 
sions are indicated to the center of each segment. 

ZỳL _ (0)(9) + 2(11(2) + 2(2)11) + 2t0.5K I) + 10) 
y ~~zT~ (9)+2(2)+ 2(1)+ 2(1)+ 3 


j-— 3 in. —-|-— 3 ìn. —-j-— 3 in. —-j 


2 in. 






1 in. 



y = 0.600 in. Ans 


9-131. Locate the center of gravity of the homogeneous 
rod. The rod has a weight of 21b/ft. Also. compute the 
.ï, v, z components of reaction at the tìxed support A. 


ZxL = 0(4) + 2(ir)<2) = 12.5664 ft 2 

EíL = 0(4) + — (ir)(2) = 8 ft 2 
7r 

"LIL = 2(4) + 0(tt )(2) =8 ft 2 
LL =4 + ,t( 2)= 10.2832 ft 


YxL 

YL ~ 

12.5664 

10.2832 

= 1.22 ft 

Ans 

YỳL _ 

8 

= 0.778 ft 

Ans 

ZL 

10.2832 

YzL _ 

8 

= 0.778 ft 

Ans 

YL ~ 

10.2832 


VV = (2 lb/lt)( 10.2832 ft) = 20.566 Ib 


EM, = 0; M,\ x - 0.778(20.556) = 0 

M A , = 16.0 lb-ft Ans 

EAf, = 0; M a , - (4 - 1.22)(20.566) = 0 

M,\y = 57.1 Ibll Ans 

ZM = 0; M Á: = 0 Ans 

If, =0; +,=() Ans 



z 



ZF y = 0; .4 y = 0 Ans 

X F. = 0; = 2( 10.2832) = 20.6 lb Ans 
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4 = - 2j"V(*<íy) 

0 0 

10-1. Determine the moment of inertia of the shaded 

area about the ,v axis. = 2 / > 2 /4 -ydy 



10-2. Determine the moment of inertia of the shaded 
area about the v axis. 


4 * / xl àA - 2/ 1 i J (4-jt 2 ) 

/4 0 
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10-3. Determine the moment of inertia of the area 
about the t: axis. Solve the problem in two ways, using 
rectangular differential elements: (a) having a thiclcness 
dx and (b) having a thickness of dy. 


2.5 ft / 


■:-:S ■ |; ■■ 

• - I 


-v = 2.5-0.1x2 


•)Difftrtmtiai Eltment: The irea of the differcntial eiement parallel to y axis 
is dA = ydx . The moment of inenia of this element aboutx axis is 

dl t = dl,.+dAŷ 1 

= Ì(2.5-0.Lr 2 )’íic 

= ^ ( -O.OOU 6 + 0.075X* - 1.875x 2 +15.625) dx 



Moment of Inertia : Perforraing the integration, we have 

l. ={d/. =iJ j(i (-0.0OU 6 + 0.O75x 4 - 1.875x 2 +15.625)<ic 
1/ 0.001 , 0.075 , 1.875 , V« 

-ì[-— x +— x — x+l5 - 625x )L 

= 23.8 ft‘ Ans 

b)Dlfferential Eltment: Here. x = /25- 10y. The arca of the differcntial 
element parallel to x axisis dA = Txdy = 2/25- 10 <ydy . 

Moment of Inertia : Applying Eq. 10- 1 and pcrforraing the integration, we 
have 

I,=f y'àA 

A m 

el.sn , -- 

— 2J y y 25- \0ydy 





. 2 [-g<2 J -, W l -» (2 5- 1W | -_L 5 c M -, w lJ' 
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*10-4. Determine the moment of inertia of the area 
about the x axis. Soive the problem in two ways, using 
rectangular differential elements: (a) having a thickness 
of dx, and (b) having a thickness of dy. 



—tH—H 

1 in. | I in. 


*W f > r 'nt i <dfLl. ment : Thc area of thc dtfferendal dement puaJlel to > axis 
■a OA = ydx . Thc moment of menia of this ctemem about x aaù ú 

dJ x - dl x . + dAỳ 1 

= ^(dx)y\ydx(^j 

= -(4-4jt ! ) dx 
1 . 

= -{-64x + 192r'-192r 2 +64)rfr 
Mom'ni of Ineriia : Perfomung the imegranon, we have 

~ “jf.H, 5(~ Mjr ' S+ Dir*-192r 2 + 64)4r 
_ ‘f 64 i , 192 5 192 , vi,.. 

-5Í-r + t* HLu. 

»19.5in* 

Ans 

b) DifferemuU Elemen ,: Hcre. r = i TT Tbe araa of the diffemntìal 
element parallel tor axts ts dA = 2xdy = {d^ydy 

Momen, of Ineriia : Appiying Eq. 10- 1 and perform.ng dte uttegratíon. we 

t M - 5 y 2 dA 

A 

= 19.5 in* J 


-t M x 
Ojl 
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10-5. Dctcrmine thc moment of inertia of the area 
ahout thc >' axis. Solve thc problem in two ways, using 
rectanguhir differcntiai elements : (a) having a thickness 
of rlx. and (h) having a thickness of dy. 

»\DiffereníiaI Elemen,: The area of the dtfferennal element panllet «o 

is dA = ydx = (4-4r 2 ) dx . 

Moment 0 f Ineríia : Applying Eq. ,0- 1 and perfomung the mtegration, we 
have 


/ =J x 2 dA=|"‘ x 2 (4-4* 2 )it 

= 1.07 m 4 Anï 

b) Differen,ial Elemen,: Here. x = \/*=í. T* ntomen,of inerd. ofdte 
differennal element about v asis is 

M y ^ 2 (dy)(^)=-/^ = T2^- y ) ìjy 

Momen, of Inertia : Performing the integration. wehave 

/ = ídi = — f (4-y)’dy 
‘y J y 12 Jo 

■a- 

= 1.07 in 4 Kot 


y = 4 - ix 2 
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10-7. Determine the moment of inertia of the shaded 
area about the x axis. 


Difftrential Elemenl: The area of the differendal element panllel to y axis 
isdÁ - ydx . The moment of inertia of this element about x axis is 

dl, =<Û,.+dAŷ 1 

= ^ (<&))’+)di(0 
= i(2-2x J ) 3 dr 
= t(-8x’ + 24r‘-24x J +g)<fa 

Moment of Inertia : Performing the integnuion, we have 

/, =jdl, =ìj"‘ (-8x’ + 24r‘-24x J + 8)(ìc 

= 1.54 in 4 Ans 




y = 2 - 2x J 


♦10-8. Determine the moment of inertia of the shaded 
area about the y axis. 


Differential Element: The area of the differential element parallel to yaú is 
dÁ=ydx = (2-2x s ) dx . 

Moment of Inertia : Applying Eq. 10- land perfomting the imegraiion, we 


2 in. : .- '■ •■ * 


s ) = 2-2x' 


L =\ x 1 dA = | 1, *'x l (2—2x 5 )dx 
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10-9. Determine the moment of inertia of the shaded 
<ìrea ahout the x axis. 


Difftrential Element: Here, x = —=y l . 

fh 


The area of the differenual element 


parallel to xaxis is dA = xdy ~ 



Moment of Inertia : Applying Eq. 10- 1 and performing the iniegraDon, we 

have 





Ans 


10-10. Determine the moment of inertia of the shaded 
area ahout the y axis. 


Differential Element: The area of ihe diffeienlial element panllel to yaxií is 
dA - (h-y)dx = ^Ji- 

Moment of ínertia : Applytng Eq. 10-1 and performing tfie integration, we 

have 




i ’=î/ dA -fA h -ï* 1 ) dx 

-lï-fA: 

2 

- —y, 3 Ans 

15 
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10 -11. Determine the moment ot ìnertia of the shaded 
area about the j: axis. 


dl. 


tili + dAf 



tx.y)' 


>1 

ìh 





tn 




o 3 

-r V d* 

o 3 

■[íl = “ 


Ans 


Also, 

1, - jy 2 dA 



= 10.7 in 4 Ans 


*10-12. Determìne the moment of inertia of the shaded 
area about the r axis. 



“ 0533 m 4 Aft, 

Alto, 


dd - xdy - 2(1 -y*)dy 
i-í/tM 


T 


1 - 0.5x 
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10-13. Determine the moment of inertia of the shaded 
area about the v axis. 



h = f àA 


J J 2x 2 (l-0.5x) l,2 alr 


8+12(-0.5)jc + 15(-0.5) J x 2 )^(1-0.5*) 3 f 
105(-0.5) 3 I 



= 2.44 m 4 Ans 




2Í‘ÌX 2 ^ 

o 3 

f i 8 , , 

: 2 j -A\-y'Ŷ iy 
o 3 


2<!>[W f/ - ±4 


• 2.44 m 4 Ans 


“P - 0.5j 


10-14. Determine the moment of inertia of the shaded 
area about the jc axis. 



Differential Element: Here, x = 2y *. The area of the differendal clement 
parallel co .raxis is dA = xdy = {ly^dy . 

Moment of Inertia : Applying Eq. 10-1 and performing the integraûon, we 
have 


4=1 y 1 m = J /(iy’j'íy 

4 , )i: 



= 0.571 in* 
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♦10-20. Delermine ihe moment of inertia of the shaded 
area about thc v axis. 


Differtmiai EUment: Hcre, i = y’. The area of ihe differential element 
parallel to xaxts is iA = xdy = y'dy ■ 

Moment of Inertia : Applying Eq. 10- land perfotming the integration, we 

havc * 

01A 

/, = j y-dA =|‘“ y J íy’)<fy 

A 0 V ' 

■ &T 


10-21. Determine thc moment of inertia of the shaded 
area about the v axis. 


Differential Element : The area of the differential efcment paraUel to yaxis is 
dA n(t-y)dt = (8-x’)<fa . 

Moment of Inertia : Applying Eq. 10-1 and performing the integranon, we 


J < =| x 2 dA = f x J (8-x’)tii 
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10-25. The polar moment of inertia of the area is Jc 
23 in 4 about the z axis passing through the centroid C'. If 
the moment of inertia about the y' axis is 5 in , and the 
moment of inertia about tlie .v axis is 40 in , determine 
the ttrea A. 


Moment of Inertia: Tbe polar of moment inertia Jç - + 1 / ■ 

Then, 7, = Iç - 7, = 23 - 5 = 18 0 in 4 . Applving the parallel-axts 
theorem, Eq. 10-3, we have 



/, = /, + A,ll 


40= 18.0+ A(3-i 


10-26. The polar moment of inertia of the area is Jc — 
548(10 6 ) mm 4 , about the z axis passing through the 
centroid C. The moment of inertia about the y' axis is 
383(t0 6 ) mm 4 , and the moment of inertia about the r 
axis is 856(!0 6 ) mm 4 . Detennine the area A. 


/, = /, +Ad 2 = SSôtlO 6 ) - A(250)- 
J C — ’ +/y - 

548(10*) = 856(10*) - A(250) 2 + 383(10*) 



A = 1 l.l(l0 3 )mnr 



10-27. The beam is constructed from the two channels 
and two cover plates. If each channel has a cross-sectional 
area of A, = 11.8 in 2 and a moment of inertia about a 
horizontal axis passing through its own centroid, C,., of 
(Jz)c = 349 in J , determine the moment of inertia of the 
beam about the jt axis. 


/, =2^(l2)(l)-' + (l)(t2)(t0.5) 3 +2(349) 



= 3.35(10') in J 
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* 10-28. The beam is construeted t'rom the tvvo ehanneis 
and tvvocover plates. If eaeh ehannel has a cross-sectional 
area of A, = 11.8 in : and a moment of inertia about a 
vertieal axis passing through its ovvn centroid. C,. of 
(tý)c = 9 -3 in 4 determine the moment of inertia of the 
beam about the v axis. 


10-29. Deterrnine ihe momenl of inertia of the beam’s 
cross-sectional area vvith respect to the a:' centroidal axis. 
Neglect the size of all the rivet heads, R, for the 
calculation. Handbook values for the area, moment of 
inertia, and location of the centroid C of one of the angles 
are listed in the figure. 


1, - 1(15X275)’ +4^1.32( 10*)+ 1.36( 10’)^ “ 28 ) ] 
+ 2^1 (75)(20)’+ (75)(20)[?~ + 10j j = 162( IO 6 ) mm* 


* ~ 2 [^0)(12)’j + 21 ( 9 . 23 ) + 11.8(6-1.28)’] 

= 832 in ^ns 
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10-30. Locate the centroid y of the cross-sectional area 
for the angle. Then tìnd the motnent of inertia /, about 
the x' centroidal axis. 


Centroid: The area of each segment and ils respective ccntroid are 
tabulated below. 

Segmenl d(in 2 ) J(in.) 7A(tn J ) 


rŷ£ = 48£ = 2(x)i n Am 

T.A 24.0 

Mnment of Inertia: I'hc moment of inertia about the x' uxis for each 
secment can be detennined ustng the parallel - axis theorem /, = 
/, + AJ;■ 

Segment /l,<in 2 ) (d,), (in.) (7,.)i(in 4 ) (Ad, 2 ),(in J ) (f.Oiíln*) 

1 2(6) I f(2)(6’) 12.0 48.0 

2 6(2) I í(6)(2 3 ) 12.0 160 


/, = E(/, )i = 64.0 ín 4 


I —r -• 

f © —— 

3 m. © , 



10-31. Locate the centroid x of the cross-sectional area 
for the angle. Then tìnd the moment of inertia ly about 
the y' centroidal axis. 

Centroid: The area of each segment and ìts respective centroid are 
tabuiated below. 

Segment A(in 2 ) 7(in.) xA(in ) 

1 6 ( 2 ) 1 ! 2.0 
2 6(2) 5 60.0 



£x A 72.0 , . 

x = - = -= 3.00 in. Ans 

EA 24.0 

Moment of ìnertia: The momenl of inertia about the y' axis for each 
segmcnt can be determined using the paralle! - axis theorem I y < — 
7+ AJ 2 k . 

Segment A,(in 2 ) (f/ r ),(in.) Uy)i( in 4 ) (Arf 2 ),(in 4 ) (iy)t (ìn 4 ) 
t 6(2) 2 î Wf6)(2'') 48.0 52.0 


/ y . = 'LU y ) i = 136 in 4 
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* 10-32. Dclcrmint* the distance .t to the centroid of the 
beam s cross-sectional area: then find the moment of 
inertia about the v' axis. 



Centroid : The area of each segment and ils respective centroid are tabuiated below. 


Segment A(mm J ) x(mm) 

xA (mm 3 ) 

1 160(80) 80 

1.024(10*) 

2 40(80) 20 

64.0( 10 3 ) 

I 16.0( 10 3 ) 

1.088(10*) 

. &A 1.088(10*) 

™ AÛ f) mtn 

lA 16.0( 10 3 ) 

— do.u mm 


Moment of Inertia : The moment of úiertia about the y' axis for each segment can be detennined 
using the parallel -axis theorem l y - - ì y . +Adf. 

Segment 4.(mm 2 ) (J,).( mm) (/,.) ( (mm 4 ) (Ad*), (nun‘) (/,.).( mm') 

1 80(160) 12.0 (80) (160 3 ) 1.8432( 10*) Zí.lîOdO 6 ) 

2 80(40) 48.0 î^r (80) (40 3 ) 7.3728Í10 6 ) 7.799(10*) 


‘r =2(V), =36.949(10*) mm 4 » 36.9( 10 6 ) mm 4 Ans 




I l d-C , m rn . 


10-33. Determine !he momenl of inertia of the beam's 
cross-sectional area about the x' axis. 


4-3-0 H)n\ 

rr\n\ 


I 80 m rv, | 

r 

~ J f® 


Moment of lnertia : The moment inertia for the rcctangle about itscentroidai 
axis can be determined using the formula, I x . = — bh* t given on the inside back 
cover of the textbook. 

4 =+(160)(l60 3 )-i(120)(80 3 )=49.5(l0‘) mra 4 Ans 


V*| 
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10-34. Determine the moments of inertia of the shatied 
area about the x and y axes. 


y 



/, = j-i(6)(10)' +6<10)(5) : j - jl(3)(6) 5 + Q) (3)(6)(8) 2 j 

- ji>r<2) 4 + rr<2) : (4) : j = 1.192(10') 

/, = jjl(IO)(6) 5 +6(10)(3) : j - jl(6)(3)' + ( j) (6)(3)(5) : j 

- j" Lt(2) j + 7r(2) 2 (3) : j = 364.8 in 4 


Ans 


Ans 


10-35. Detennine the moment of inertia of the beam’s 
cross-sectional area about the x' axis. Neglect the size of 
the corner vvelds at A and B for the calculation, 
ŷ = 154.4 inm. 



15 


Moment of Inertia: The moment of inertia about the x' axis for each 
segment can be determined using the parallel - axis theorem /, = 
7 r + Ad;. 


Thus, 


/, = £(/,-), = 95.898(10“) mm 4 = 95.9(10“) mm J Ans 


15 mm, 150 mm 


Segment 

A,(nun 2 ) 

(dy)i (mm) 

(/,), (nun 4 ) 

(A/;)i(mm 4 ) 

(/j.)i (mm 4 ) 


1 

150(15) 

146.9 

^(15())(I5’) 

48.554(10“) 

48.596(10“) 


2 

15(150) 

64.4 

i(15)(I50 5 ) 

9.332(10“) 

13.550(10“) 

150 mm 

3 

7T (50”) 

60.6 

n . 

T (50*) 

4 

28.843(10“) 

33.751(10“) 



©- 


* i ~ '~f 
♦-15 mm| 

© 



146.9 mm 
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* 10-36. Compute the moments of inertia / t and / v for the 
beam's cross-sectional area: about the v and v axes. 



4 = -j^(!70)(30) 3 + 170(30)(15) ! 

+ -j^(30)(170) 3 + 30(170)(85) 2 
+ — (100)(30) 3 + 100(30)085) 

4 = 154(10 6 ) mm‘ Ans 

4 = ■j^(3O)(170) 3 + 30(i70)(115) 2 
+ Ï70){30) 3 + 30(170)(15) 2 

+ -j[j(30)(100) 3 + 30( 100)(50) 2 

4 = 91.3(10‘) mm‘ Ans 


10-37. Determine the distance v to the eentroid C of 
the beam's cross-seetional area and then compute the 
moment of inertia l x about the ,v' axis. 


30 mm 


30 mm 



140 mm 


30 rnm 170mm 


v _ 170(30)(15 ) + 170(30)(85) + 100(30)(185) 
170(30) + 170(30) + 100(30) 

= 80.68 = 80.7 mm Ans 

4- = [y2 (I7 0)(30)’ + 170(30)(80.68 - 15) 2 j 
+ [-j^(30)(170) 3 + 30(170)(85 - 80.68) 2 ] 
+ -jj(100)(30) + 100(30)(185 - 80.68) 2 

4 =67.6(10‘) mm* Ans 


10-38. Determine the distance ,v to the centroid C of 
the beam s cross-sectional area and then compute the 
moment ot inertia / v about the y' axis. 



: = l 7 °(30):il5) + 170(30X15) + ì0( 
170(30) + 170(30) + 100(34 


“ «1.59 = 61.6 t 


4- - [^(30)(I70) 3 + I70(30)(115-61,59) 2 ] 

+ [^(170)(30) 3 + 30(170)(15-61.59) 2 ] 
+ ^(30)(100) 3 + 100(30)(50-61.59) 2 


îy' — 41.2(10*) tnm 4 


Ans 
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10-39. Locate the centroid v of the cross section and 
determine the montent of inertia of the section about the 
,ï' axis. 



! ! | ! I j 

u--i---j- 0 t m —*---“ 

0.2 m 0.2 m 0.2 m 0.2 m 


Centroid: The arca of each segmenl and its respective cemroid aie 
tabulated below. 


A(m 2 ) 

3?(m) 

yA( m 3 ) 

0.3(0.4) 

0.25 

0.03 

i(0.4)(0.4) 

1.1(0.05) 

0.1833 

0.014667 

0.025 

0.001375 

0.255 


0.046042 

0.046042 

0.255 

= 0 . 180(1 m =0.181 


Moment of litertia: The moment of inertia aboitt the .r axis tor each 
segment can be deleimined using the parallel - axis theorem /. — 

/, + ai/;. 

Seg- Ai( m 2 ) (d,),(m) (7,),(m 4 ) (Adpi( m 4 ) (/,),(m 4 ) 

ment 

1 03(0.4 ) 0.06944 ì(O.3)(0.4 5 ) 0.5787()0- 3 ) 2.17870 0^) 

2 i,(0.4)(0.4) 0.(X)2778 |,(0.4)(0.4’) 0.6173(10“'’) 0.7117(10 ’) 

3 '1.1(0.05) 0.1556 3,(1.11(0.05’) 1.3309(10-’) 1.3423(10-’) 


0.2 m 0.3 m 0.2 m 


0.18.33 m 

nrfc 


!fI3Tf! !«< 


1 0.025 nl i 1 


I © 1.1 m 

0.2 mt 0.3 m |0.2 tn ŷsO.tmrn 


0.002778 
1.1 m 


/,. = L(/ v ), =4.233(10"’) m 4 = 4.23(10-’) 



*10-40. Detemtine y, which locates the centroidal axis 
x' for the cross-sectional area of the T-beam, and then 
find the moments of inertia /,• and / ,•. 


rV/t 125(250X50) + (275)<5())(300) 
y ~ ZA _ 250(50) + 50(300) 

— 206.818 mm 

ŷ ~ 207 mm 

7,- = |j~(501(250)’ + 50(25())(206.8I8 - J25) 2 j 
+ jj-jT(300)(50)’ +50(300X275 - 206.818) 2 j 

7, = 222(10'’) mm 1 


/, = 1,250X50)' + (50)(300)‘’ = 115(10'’) mm 4 Ans 
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10-41. Determine the distance T to the centroid for the 
beam's cross-sectional area; tlten deterntine the moment 
of inertia about the x' axi.s. 




-+(-;- 

i ■srsa? r7?mnv 

l(X)mm 



-75 mm *| Và n 

1 'M mm 1 


Centroid: The arca of each segment and its respective centroid are 
tabulated below. 

Segment A{mm 2 ) 7tmm) JA{mm 3 ) 

1 50( 1(X)) 75 V5(UÝ) 

2 325(25) 12.5 1 01.5625(10 3 ) 

3 25(100) -50 -125110 3 ) 

X 15.625(10 3 ) 351.5625(10') 

Thus, 

EvA .151.5625(10') 


SA 15.625(10') 


: 22.5 mm Ans 


Moment of Inertia: The moment of inertia about the a-' axis for each 
sesment can be determined using the paralíel - axis theorem J x = 

/>• + AJ;. 


50 mm 25 mm 25mmf ,mm 

i i ( i 175 tnm , V i f , 


12.5 mni / ©k 25 miii 
lOOmm • ~ 


|_j 50 mm 

-*| f*- 25 min 


Segment 

A,(inm 2 ) 

(dy)í (mm) 

(li')i(mm') 

(/tií’),(mm 4 ) 

(/,■),(mm 4 ) 

,1 

5(X 100) 

52.5 

È (50)(100') 

13.78Í00 6 ) 

17.948(10*) 


325(25) 

10 

ì(325)(25’) 

0.8125(10*1 

1.236(10*) 

3 

25(100) 

72.5 

^ (251(100’) 

13.14100*) 

15.224(10*) 


I x . = E(/ t ), = 34.41 (10°) mm 4 = 34.4(10 6 ) mm 4 Ans 


50 mm 25 rnn i 25 mm ■ 

i , ì ,|, i ,| 175m " 1 . | ).| f 

jnioOm^TL 


72.5 mm | 10 mm ç. _ 22.5 mm 

-*- • 100 mm 

©u_, 

-*1 h-25 mm 
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10-42. Determine the moment of inertia of the beam s 
cross-sectional area about the y axis. 



M 


25 mm 


Moment of Inertia: The momenl of inertia about the v' axis for each 
seement can be determineti using the parallel-axis theorem I y — 

I y + Ad*. 

Segment A, (mm 2 ) (tl,)i(ntm) (7,)i(mm 4 ) (Ad;) ( (mm J ) (í,)/(mm 4 ) 

1 n|100(2S)] 100 i(100>«5’) 50.0( 10 6 ) 50.130(10'’) 

2 25(325) 0 ys(25)(325 : ’) 0 71.519(10*) 

3 100(25) 0 i(100)(25 3 ) 0 0.130U0 6 ) 

I'hus, 

/, = £(/,), = 121.78110 6 ) mm 4 = 122(10 6 ) mm 4 Ans 



10-43. Detertnine the moment of inertia h of the shaded 
area about the x axís. 

/, = JM(6)(6) j + 6(6)(3) : j 

+ [S (3,(6)J + (Ì) ( 3 W 6 )< 2 )J ] 

+ [^(9)(6) 3 + ^(6)(9)(2) : j 


.V 



/, 


= 648 in 4 


Ans 


*10-44. Determine the moment of inertia / v of the 
shaded area about the v axis. 

/v = [y^(6)(6) 4 + 6(6)(3) : j + [^(6)(3) 3 + j(6)(3)(6 + l) 2 j 
+ [M(6)(9 ) j + i(6)(9){6)-j = 1971 in 4 Ans 


y 
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10-45. Locate the centroid y of the channel's cross- 
sectional area, and then determine the moment of inertia 
with respect to the x' axis passing through the centroid. 


lîA = 0)(I2)(2) -r 2[(3)(6)f2); 
12 ( 2 ) + 2 ( 6 )( 2 ) 


= 2 in. 


Ans 



10-46. Determine the moments of inertia / c and / v of 
the shaded area. 



10-47. Determine the 
parallelogram ahout the 
centroid Cof the area. 


moment ot inertia of the 
t axis. which passes throuah the 



= 503 in 4 


Ans 



*10-48. Determine the moment of inertia of the 
parallelogram about the y' axis. which passes through the 
centroid C of the area. 


v v' 



x = acasO+- ‘y e = l 


(acos6+b) 


C - 2[ 9) J + ifosin e) (flcos B ) (£ + f cose-locos e) 2 ] 


b 


+7j (fl sine)(*-acose) 
= ^(e ! + fl J co« ! e) 


Ans 
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10-49. An aluminum strut has a cross section referred 
to as a deep hat. Determine the location y of the centroid 
of its area and the moment of inertia of the area about 
the x' axis. Each segment has a thicltness of 10 mm. 




Ctntroid : Thc area of each scgmcnt and iis rcspcctivc centroid arc tabulatcd bclow. 


Segment d(mm 2 ) /(mm) /A(mm 3 ) 

1 40(10) 5 2.00 (10 3 ) 

2 20(100) 50 lOO.OdO 3 ) 


60(10) 

S.OOdO 3 ) 


57-OdO 3 ) 
159.0( 10 3 ) 


_ I ỳA 159.0(10») 

y =-=-= 53.0 mm 

lA 3.00U0 3 ) 



/ QfDfT) — 


Moment of Inertia : The moment of inertia about thc x' axis for each segment can be determined usin 


the paraiiei -axis theorem l x . - I x . +Adf. 


Segment 

A, (mn') 

(d, ) . (mm) 

(/,.) (mm') 

(At//) . (mm 4 ) 

(/,.), (mm 4 ) 

1 

40(10) 

48.0 

1 V( 4 °)uo 3 ) 

0.9216(10*) 

0.9249(10*) 

2 

20(100) 

3.00 

ìrdoxioo 3 ) 

0.018(10*) 

1.6847(10*) 

3 

60(10) 

42.0 

i^teoHio 3 ) 

1.0584(10*) 

1.0634(10*) 


/,• = !(/,.), = 3.673( 10 6 ) mro' = 3.67( 10 6 ) rara' Ans 


pj 


460mrh, 

/Omri —ỳ 
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10-50. Determine the moment of inertia of the beam’s 
eross-seetiona! area with respect to the x' axis passing 
through the centroid C of the cross section. Neglect thf 
size of the corner welds at /1 and B for the calculation y 
= 104.3 mm. ’ 7 


iÛ} 


Segmcnt A, ■ (nun 2 ) (d,)j mm) <> (mm<) (/í , )j(W) 

2 tsnvii U32 ï (17 - 5< > 12.329(10«) 12.402(10«) 

J 207 ìtOSXIÍO 3 ) 0.964(10«) 5.183(10«) 

} ?9 ' 3 î (75< ) 12.347(10«) 12.654(10«) 


4- = m ,), = 30.24( 10‘) mm' = 30.2( 10‘) mm' A ra 


r w H®? 


15 nim 


^tlo^r a ti0n ' H° f ,he Cemr °' d of 

-mentofinertiaônra^S^f 01 ^ "* 


CtMrOU ~ -P-vc ««id arc tabulaied W ow. 


Segment M (mm^) / (mm) f A(mmí) 

1 100(250) 125 3.125(10«) 

250(50) 25 0.3125(10«) 


37.5 (10 3 ) 


3.4375(10«) 


.- = 5^_ 3- 4 3 7 5(l0«) 



izb I I 

50mrr\—i^ j- 


m/n 


£4 37.5( 10^) ~ 91-67 mm _ 9, 7 mm Ans 

T” ÎS M nT' 

2 Zrn « 'T"”‘ !í0 ’ > Ì 

^ (5 0) 66.67 ^(2501(503) 55.556(10«) 58.16(10«) ^ 


,/ri ( ^ 
(o(o-(olmrr\ 


I,- £(/,■), - 216.15( 10‘) mm‘ = 216( 10 6 ) mm' Ans 
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*10-52. Determine the radius of gyration k x for the 
column's cross-sectional area. 



10-53. Determine the moments of inertia of the 
triangular area about the x' and y' axes, which pass 
through the centroid C of the area. 



I> 


/, = -^(SOOXIOO) 3 + 2^(100)(200) 3 + (100)(200)(150) 2 ] 
= 1.075(10’) mm 4 


K = 


1.075(10*) 

90(10*) 


109 mm 


Ans 


í-=&(a)A 3 + j l ^((>-fl)A , = £(,*> An» 

b +a 

U è(A)(a) + ïA(í>-fl) ~ 3 

~ M* aS + S* a ( t J*-J<') J + ^*(»-<« J + i*(»- ( ý(fl+iiJ_Ìi4) 1 

= »« , (* ! -<* + fl í ) AoI 


*10-54. Determine the product of inertia of the shaded 
portion of the parabola with respect to the x and y axes. 


Oiff,r,ntial Ei.mtnt: Hcrc. x = /50/ 

«»*.< «i. ^^ 

íw ' tai o-/-.■ *. Prod ,c, 0f “ 0 r,: f ^r 

‘U’t = 4>- +dAiỳ 

= O + ^/xjyVy ỳo)(y) 


= 0 


Product of inertia : Pcrformmg the 


tntegration, wehave 

<„-/< =0 


Ans 


NOtC •' By mSpection ' l, = 0 surce thc shaded arc, i, svm _ , k 
axrs. arca u symmetncal about the v 



t 



643 






644 


■à (*- 




645 




www.usacingenieria.blogspot.com 

10-59. Determine the product of inertia of the shaded 
area with respect to the .r and y axes. 


Differtntial Eiement: Here, y = / 4 -jr 2 . The area of the differeniial 
e'ement pareUel 10 the >■ axu u = y* = fì-x^-dx . The coordinates of the 
centroid for this element are x = e, ỳ = í = í/4^?. Then the product of 
mcrtia for this cleraem is 


fàtj ~ dï x 'j' + dAxŷ 

= 0 + ( /4 -x 2 dx) (jt)Q/ 4 -x 2 j 
= ^(*x-x i )dx 

Product of Inertia : Performing the integrauon, we have 

t 1 fl ia. 

~ 1 j(4jt-x 3 )di 



»10-60. Determine the product of inertia of the shaded 
area with respect to the .r and v axes. 


>- = l - O.S.r 



dA = ydx 


*'.,- X Ì<ix 


^J - I d/jy 

= r \{x - 0.5j: 2 ) dx 

0 L 

■Ïí-H 


0.333 m Ans 
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10-61. Determine the product of inertia of the shaded 
area with respect to the ,r and y axes. 



X 


X 


ŷ = 


y 

2 


dA = xdy 


dky 



I,y “ í dl„ 



= b 1 h 2 Ans 


* 10-62. Determine the 
area with respect to the 


product of inertia of the shaded 
x and y axes. 


Differentiai Element : Thc arca of thc differcntial element parailel to the y 
axis is dA = ydx = -x 1 ^ dx . The coordinates of the centroid for this 

y 1 / ‘ i \ 2 

element arc x = x, ŷ = - = -^û 3 -x l J . Then the produci of inertia for this 
element is 


<n„ =dJ,. y . + dAiŷ 

= 0 + [( a i-r;)^](x)[i(ai-ri) 2 ] 

= - ^x 3 + a 2 x -f- 6ar 2 - 4a l x* - ia^x^dx 
Product of ìnertia : Performing the integration, we have 

+ o J x + 6ar ! - ia’x 1 - da ì x , ''jdx 

l(x t a 2 , , 8 > > 8 > l\\‘ 

21,4 2 5 7 )\ 0 


280 


Ans 
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10-69. Determine the product of inertia of the cross- 
sectional area with respect to the X and y axes that have 
their origin located at the centroid C. 


Producl of ìnertin : Thc arca for each segmcnc ils centroid and product of 
incnia with rcspcct to x and y axes are tabulatcd bclow. 



Segment /tjfin 1 ) (<f,) ( (in.) (/„).(in 4 ) 

1 3(1) 2 3 18.0 

2 7(1) 0 0 0 

3 3(1) -2 -3 18.0 


© 


©r-r iTi/n- 


4, =!(/„). = 36.0 in* 


/>nJ l ©■ 
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w w^ in w»^^ê t î.muct of inertia of 
sectional area with respect to the Jt and y axes. 


ot the cross 


Product of Inertìa: The area for each segraent, its centroid and product 
of ínertia with respect to x and y axes are tabulated below. 

Segment Aj(mm 2 ) Íí/ X I,(mm) (</,),(mm) (/„ l, (mm 4 ) 

1 100(20) 60 410 49.2(10 6 ) 

2 840(20) 0 0 0 

3 100(20) -60 -410 49.2(10 6 ) 


/,v = X(/,v)/ = 98.4(10 6 )mm 4 Ans 


20 mm rpt'lOOmm 


,_60 mm 

400 mm 



t [»-100 mm-] |— 20 


20 mm 4:c 
T v 


(5) 410 mm 


*10-72. Determine the product of inertia of the beam’s 
cross-sectional area with respect to the x and >> axes that 
have their origin located at the centroid C. 


/,v = 5(l)(5.5)(-2) +5(l)(-5.5)(2) 


= —110 in 4 Ans 


Sin. 0-Sin. 

V 1 , m . i f i 


1 in,—| [•-5 i: 


in.-4--5 in. - 


10-73. Determine the product of inertia for the angle 
with respect to the x and y axes passing through the 
centroid C. Assume all corners to be square. 


EíA 0.125(0.25)(3) + 1.625 (0.25) (2.75) 

x = - =- - 0.8424 in 

SA 0.25(3)+ 0.25(2.75) 


_ T.ŷA 1.5(0.25)(3) + 0.125(0.25)(2.75) 

v = - = - = 0.8424 ìn 

EA 0.25(3)+ 0.25(2.75) 

Product of inertìa about x and y axes: 

/ = 0.25(3)(0.7174)(0.6576) + 0.25(2.75)(-0.7826)(-0.7174) 



; 0.740 in Ans 
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10-74. Determine the product of inertia tor the beani s 
cross-sectional area with respect to the n and t' axes. 

Momcnts of ineiiía /, and /, 

/, = ii.MXlHatX))’ - Jj(2SOH3«)) J =511.36(10)'’ mm 4 
/. _ 2j | l ï (20)(300)’| + i(360H20) 3 = 90.24(10)'’ mm 4 
The sccticin is symmetrie about t»th jr and y axes; therefore /,, = 0. 

l /n = —— — sin 20 + /(, cos2 0 

= sin40 ! +0cos40°) I0 fi 



= I35t 10) fl mm 4 


Ans 


10-75. Determine the moments of inertia /„ and /,, of 
the eross-seetional area. 

Momcnt and Product oflnertia aboutx andy Axes: Since the shaded 
area is svmmetrical about the y axis, l xy = 0. 

/, = -l(40)(200') + 40(2(X»(120-)+ ^(200)(40') 

= 142.93(10'’) mm 4 

/, = i(2(X))(40') + ^(40)(200') = 27.73(10*) mm J 

Moment of ìnertia about the Inclined u and v Axes: Applying Eq. 10- 

9 with 0 = -30°. we have 

/, + /, I x - l v 

/.i — ----- + —-—- cos 2ti - I yy sin 20 

/ 142.93 + 27.73 142.93 ~ 27.73 

= I-- - - +---cos( -6() ) 

— 0|sin(-60 í ')j) (10 6 ) 

= 114( 10 6 > mm 4 Ans 

, / t + f l K - /, 

/. = —^--—- cos 20 + / tv sin 20 

( 142.93 + 27.73 142.93 - 27.73 

- y -j-ô-cos(—60 ) 

_ Ol'siní—60°)|J (10 6 ) 

= 56.5ÍÍ0 6 ) mm 4 Ans 
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*10-76. Determine the distance y to tlie centroid of the 
area and then calculate the moments of inertia /„ and /, 
of the channel’s cross-seetional area. The u and v axes 
have their origin at the centroid C. For the calculation. 
tissume all comers to be square. 


_ 300( 10X5) + 21(50)001(35)1 ,, , 

v =-— J2.n mm 

* 300(10) + 2(50)( 10) 


1 , = j^~(300)(10) 3 + 300(10)02.5 - 5) J j 

+ 2 ^~(10)(50) 3 + 10(50X35 - 12.5) 
= 0.9083(10'’) mm* 


/,= (10 X 300)' + 2 ^(50)(10) 3 +50(10)05(1- 5)‘ 


= 43.530 0'’) mm J 
/ vv = 0 (By symmelry) 


50 mm ^ 


10 nim 


t L_ 1 SA mm__ 

-A 

/, + /, /, “ A 

*-150 mm 

/ u = - ----- + cos2 0 

— I x , sin 20 

2 2 



0.9083(10'’) +43.53(10 h ) 0.9083U0 h )-43.53(J0 6 ) 
---1---cos 40 - 0 


= 5.89(10*) mm 4 


A + A /t ~ /v 

/,. = — Y 2 - - 2 ' cos2f# + sin2tì 


().9()S3( HV’)+43.53(10 ft ) 0.9083110“)—43.53(10*) 


= 38.5(10'’) mm 4 


♦10-77. Detennine the moments of inertia of the shaded 
area with respect to the u and t> axes. 


Moment and PnnJuct of ìnertia about x andy Axes: Since the shadcd 
area is symmetrical about the x uxis, / vv = 0. 

/, = -I,t) ( 5')+ 4(4)(1 3 ) = 10.75 in 4 


/, = --.,|),4 3 )+ 1 (4)(2.5 2 ) + —(5)(1') = 30.75 in 4 

Moment of fnertia about the Inclined u and v Axes: Applying t-q. 10- 
9 with 0 = 30°, we have 



, I, + /y /, - /v 
/,, = -1 1 + - 


-f -ct»s 2 ti — / vv sin 20 


10.75 + 30.75 10.75 - 30.75 . 

---1-cos 60 — 0 (sin 60 ) 


/ v + / v / v - / v 

I, = --—-- cos2 9 + / vv sm 20 


10.75 + 30.75 10.75 - 30.75 

-----cos60' + 0(stn 60') 



II in. 4 in. 
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10-78. Determine the directions of the principal axes 
with origin located at point O.and the principal moments 
of inertia for the rectangular area about these axes. 


4 = ^(3)(6) 5 + (3)(6)(3) J = 216 in* 

4 = ^(6)(3) J + (3)(6)( 1-5) 2 = 54 in* 
4, = xŷA = (1.5)(3)(3)(6) = 81 in 4 


tan 20 


“2 I M y 

4 ~ 4 


-2(81) _ 

216 - 54 “ 


e = -22.5° 

Ans 

, 4+4 

/fizAì 2 

2 x ' 

1 1 2 J 

= 250 in 4 

Ans 

Ltm - 20.4 in 4 

Ans 


216 + 54 




3 in. 



6 in. 


x 


10-79. Determine the moments of inertia / / and i 
45° m ' a L ° f ‘ he b6am ' S cross ' se ^ìional ar 



4 = -( 20 )( 2) 5 + 20 ( 2 )( 1 ) J + 1 ( 4 )( 16) 5 + 4 ( 16 )( 8) 2 

= 5.515( 10 3 ) in" 

4 “ ^( 2 )( 20) 5 + - i ( 16 )( 4) 5 

= 1.419O0 5 ) in 4 

4, = 0 


5.515 + 1.419 


cos2S - / sin26 


.,„3. 5.515 - 1.419 , 

(10 ) + ---(10 3 ) cos90° - 0 


= 3.47(10 5 ) ln 4 
4 = 3.47(10 5 ) in 4 


Ans 

Ans 


4 - 

L = - 


2 sin2 6 + ì xy cos2 0 

5.515- 1.419 


“(10") sin90° + 0 


= 2.05( 10 3 ) in 4 


Ans 
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*10-80. Determine the directions of the principal axes 
with origin located at point O. and the principal monients 
of inertia of the area about these axes. 


/, = ^(4)t6) 3 + (4)(6)(3) : j - ,t(I) j +T(l) ; (4) : j 
= 236.95 in J 

/,. = (61(4)’ +(4)(6)(2)-j - jji,T(l) J + jr(l) J (2) : j 

= 114.65 in J 

/„ = |0 + (4)(6)(2)(3)| - |0 + ,t(I)( 2)(4)| = I 18.87 in J 

-/,, -118.87 

(an2fV - 77377 “ (2.36.95 - 114.65) 

2 2 

— —.31.388°; 58.612° 

Thus. 

Oin — —31.4"; #,,2 = 58.6° Ans 


2 in. 2 in. — 


/ \ 

2 in. 

Vy” 

-I- 

4 in. 

_i___ 


7, + /, ///, - /, V 7 

' - 2 ^ V ( 2 ) +/ '> 


236.95 + 114.65 / 236.95 - 114.65 

-—-±y(-7-) +' 118 - 87 '- 


= 309 in Ans 
/„„■„= 42.1 in J Ans 


10-81. Determine the principal moments of incrtia of 
the bearn’s cross-sectional area about the principal axes 
that have their origin located at the centroid C. Use the 
equations developed in Section 10-7. For the calculation, 
assutne all corners to be square. 


= 55.55 in J 

‘->[i(S)(-S)‘ j î(-s)[( 1 i 1 )*è 

*W 3 )‘ 

= 13.89 in J 
I xy = 'EYvA 

- —2[( 1.813 -f 0.1875)(3.813)(3.625)(0.375)J 4- 0 
= -20.73 in J 



h— 4in --1 


/,+/,, ,vâ - /, v, 

‘mnximin ^ W ^ ^ J 'xy 


S^S+JA^ ± /Ç33.55 - 13.89 ỳ + 


/„„„ = 64.1 in J ' 
/„„„ = 5.33 in J 
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10-S2. Determinc the pnnopal moments of incrtui> tor 
thc analc’s cross-scctiona, arca with rcspeet » 
principal axes that have thcir ongtn locatcd at the 
eentroid CM se «he equation Jcvelopcd tn SeUaçm 10 7 . 
Fm thc ealculation. assume aH corners to be square. 


/, = [^( 2 °H 100 > 3 + '00(20)(50 - 32.22) 2 [j 
+ [2(80)(20) ! + 80(20X 32.22- 10) 2 j 

= 3.142(10 6 ) mm‘ 

í, = [^(100)(20) J + 100(20X32.22-10) 2 j 

+ [-^(20)(80) ! + 80(20)(60- 32.22) 2 j 


100 mm ;m- : 5 ' ■ 

,.'ïîr"r' 32.22 m 


1 = XxŷA 


-(32.22— 10)(50 —32.22)(100)(20) - (60-32.22)(32.22- 10)(80)(20) 


L + /, /, -/, 


= 3.142(10‘)± ^0 + {(-1.778)( 10«) 


10-83. The area of the cross section of an airplane wing 
has the following properties about the x and y axes passing 
through the eentroid C: T x = 450 in 4 , 7 V = 1730 in 4 , 
7 tv = 138 in 4 . Determine the orientation of the principal 
axes and the principal moments of inertia. 


/„„ = 4.92(10 ) nun Ans 


/„i. = 1.36(10 6 ) mm‘ Ans 



tan2e= -ZÎk. = -2(138) 

4 - 4 450-1730 

e = 6.08” Ans 




450 + 1730 /(450-1730V 2 

' 5 * V(-2 —j + 1382 

4... = 1.74(10’) ln 4 Ans 


4.<„ = 435 in 4 
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*10-84. Determine the moments of inertia /„ and /„ of 
the shaded area. 



Mument and Product of fnertia abuut x and y Axes: Since the shaded 
area is symmelrical aboul the x axis, I x> = 0. 

/, = -^(200X40^) + ^(40)(200 3 ) = 27.73(10») mm 4 

/,. = -jL(40)(200 3 ) + 40I200H120 2 ) + ^(200)(40 3 ) 

= 142.93(10») mm 4 

Moment of Inertia about the Inclined u and v Axes: Applying 
Hq. 10-9 vvith 0 = 45 c . we have 


I u = Ík ^ 1' -f ^ cos 20 - /xy sin 20 


_ ^ 27.73 + 142. 1 


->7 73 _ {42 Q3 \ 

— + —---— cos90° - 0(sin 90°) J (!()<’) 


= 85.3( 10 6 ) mm 4 


/ _ _ì 'tJ .L _ - ----- cos 20 + I xx sin20 

2 2 


( 27.73 + 142.93 27.73 - 142.93 


- cos90° — 0(sin90°)) (10”) 


= 85.3(10 6 ) mm 4 
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tO-85. Solve Prob. 10-78 using Mohr's circle. 


Soe sohibon to Prob, 10 -78. 
I. = 216 m‘ 

1, = 54 m* 

/„ = 81 in* 

Ccntrr of circle: 

R = /(216 - 135)4 
L* = 135 + 114.55 
/... = 135 - 114.55 



135 


I. +>, 


* (81) 1 = 114.55 
250 in* An» 
20. 4 in* An» 


tO-86. Solve Prob. 10-81 using Mohr's circle. 


See prob. 10-81. 
ï x = 55.55 in 4 
4 = 13.89 in 4 
I xy = -20.73 in 4 
Center of circle; 


R = /(55.55 - 34.72) 2 + (-20.73) 2 
I max = 34.72 + 29.39 = 64.1 in 4 
I min = 34.72 - 29.39 = 5.33 in 



29.39 in 
Ans 

Ans 
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10-91. Determine the moment of inertia of the thin ring 
about the z axis. The ring has a mass m. 


4= f p A(RtW)R 2 = 2jt p A 

J l) 

m = f p A RdO = 2n pA R 
Jo 



RdQ ^ 
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*10-92. Detemiine the moment of inertia /, of the right 
circuhir cone and express the result in terms of the total 
mass m of the cone. The cone has a constant density p. 


Difftrential Dìsk Element: The mass ot' the dift'erential disk eiement 
ìs dm = pdV = /),tv 2 dx = pit (^ ,, 2 j dx. The mass moment of 

inertia of this element is dl. = - dmv 2 — - | pn ( — v 2 ì dv\ 
2 - 2[' \h- ) } 

íbtal Mass: Perfonning the integration, vve have 

m= L d "' = L pn = (t )|„=\>™- h 

Mass Moment of lnertia: Perfomiing the intecration, we have 

/ í ,, í" »» rA 4 , PTtr* (X i \\ h 1 

4 = J "* = i, ~vF x dx = Hd ÌT j|„ = To pnr " 

The mass moment of inertia expressed in terms of the total mass is 


i^lílprrr^r 2 ^!, 
10 V 3 ) 10 


10-93. Determine the moment of inertia I x of the sphere 
and express the result in terms of the total mass m of the 
sphere. The sphere has a constant density p. 




y , , 

| ,x- + y- = r 



drn = pdV — p(ny 2 J.x) = pn(r 2 — x 2 )dx 


<!/, = -prrír 2 - x 2 ) 2 dx 


■-£5 


h = / -/>-T(r‘ - x 2 rJx 





I : ~ J 


/, = -mr 2 Ans 
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10-94. Determine the radius of gyration k x of the 
paraboloid. The density of the materiai is p = 5 P4g/m . 

Differential Disk Element: The mass of the differential disk 
element is dm = pdV = pny 2 dx = p7t0Ox)dx. The mass moment 

of inertía of this element is dJ x = - dmy~ = -l/”r(50.v)i/.ri(50*) = 

-^(250<).t 2 )th. 

Total Mass: Performing the integration, we have 



l*-í: 


/>jr(s0.v) dx — = 1 


Mass Moment uf Inertia: Performing the intcgration, we havc 


r r"" rnt 

f = J dl, = j '—(25<nrUU 

prt /2500v’\| :0,,mn ' 

= T\~irK 

= 3.333(l0")p)r 



Thc radius ot' ayration is 


/7T _ /3.333(IO**)/>jr 

V m V 


57,7 mm Ans 


10-95. Deterniine the montent of inertia of the sentiel- 
lipsoid with respect to the x axis and express the result 
in terms of the mass m of the semiellipsoid. The material 
has a constant density p. 


í-i} 


The mass 


Differential Disk Element: Here. = b 1 | 
of the differential disk element is dm — pdV = pxy 1 dx - 
p-jzfr ^ j dx. The mass moment of inertia of this element is 

" 5” 5 [-*' (' - SH [*■ ('-£)]' 

(S-¥*')■" 

Total Mass: Performing thc integralion. we have 

m = L dm =f p7thl ( 1 - 5 )(' - è) [ 


-pTTdb 2 


Mass Moment of Inertia: Performing the integration, we have 



r-« 


x 


y 



i Á 


/"•-í 


pjtb 4 /.v 4 

~ w 





dx 


The mass moment of inertia expressed in terms of the total mass ts 


pnb 4 



'* = 5 (^' T<,/,: ) 

l5« 4 3« 2 J\ ( , 



2 . 

-m/r Ans 


4 

f5 


pizah* 
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10-98. Determine the moment of inertia ot the 
homogenous triangular prism with respect to the y axis. 
Express the resuìt in terms of the mass ni of the prism. 
Hint : For integration. use thin plate elements parallel ío 
the A'-y plane having a thicRness of dz. 


Differential Thin Plate Element: Here. .v - a - - ) The mass 
of the differentiaî thin piate elenient is dm — pdV = phxdz — puh 
The mass moment ot ineitia ot this eleinent about y 

axis is 

df = dlo + dmr 2 



dmx 2 + dm ( — + 


x' dm + : 2 dm 


Total Mass: Performing the integration. we have 

m = [ dm “ L P "'T - 7, ) ,lt = ,,7Th ( ; - Jf ,) |„ = 5 


puhh 


Mass Moment of Inertia: Performing the integration, we have 



. f ,, f ‘ P°h ( ■> 3u - •> 3 a~ u~ , , 3 z* \ .. 

/ v = / df = f —— tr + -rr-—: - —rz + 3 z~ -I dz. Ine mass moment of inertia expressed in terms of the total mass is 

J Ji, 3 \ h- h h h ) 


Pub l , V , tr , , 3; 4 \ I* 

3 (" í+ h- Z 2 h Z 4/i ’ ' + : 4 h 




6 V 2 / 


Ur + Ir) Ans 




10-99. The conerete shape is formed by rotating the 
shaded area about the y axis. Determine the rnoment 
of inertia /,. The specific weight of concrete is y = 
ISOlb/ft 3 . 


d / v = -(<//»)( JO) 2 - ^ (dm)x 2 


— -(rr/?(iO) 2 </y}(IO) : - ^npx 1 dyx 2 

- (!) (5)«)- 


h = 2 7T P 


Et(150) 


32.2(12> 3 
: 324.1 slus -in 2 




Iy = 2.25 slug - ft :> 


Ans 
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*10-100. Determine the moment of inertia of the wire 
triangle about an axis perpendicular to the page and 
passing through point O. Also, locate the mass center G 
and determine the moment of inertia about an axis 
perpendicular to the page and passing through point G. 
The wire has a mass of 0.3 kg/m. Neglect the size of the 
ring at O. 


Mn Momtní of Inertia About an Azis Through Point 0 : The mui 
for eadi wire segment ism,= 0.3(01) = 0.03 kg. The mass moment of ineni. 
of each segment about an axis passing through the center of mass can be 

determined using (/ c ), = — m/ 2 . Appiying Eq. 10-16, we have 
l 0 = ï(4;)i +’n l d, 2 

= 2 [ïì ( °' 03) ( °'^ + 0 03 ( 0052 )] 

+ ^ (0.03) ( 0.1 J ) + 0.03(0.Isin 60°) J 
= 0.450(10'’) kg m J Alu 

Locaíion of Centroid ; 

- _ ^2 = 2 (°-°5sm 60°(0.03)I +0- lsin60 <, (0.03) 

3(0.03) 

= 0.05774 m = 57.7 mm Aru 

hlass Moment of Inertia About an Axis Through Point G : Using 
the rcsult 1 0 = 0.450( 10 ’) kg ■ m 2 and d = ŷ = 0.05774 m and applying 
Eq. 10- 16, wc havc 




X 0-lSïnéC*fr 


005Smío é m / 


\\Ol5irJbo* rr 


— Iq + tnd* 

0.450( 10’) =/ c +3(0.03) (0.05774 2 ) 
1 q - 0.150( 10-’) kg m 2 


10-101. Determine the moment of inertia I. of the 
frustum of the cone which has a conical depression. The 
material has a density of 200 kg/m J . 



0.4 m ,-J í : ■ 


k = —t-tr(0.4)’(1.6)(200)](0.4)’ 
--i()<r(0.2) 2 (0.8)(200)](0.2) ! 
“ -^t^n <0 .4 )! (().6 )<200) ] ( 0.4 )! 


( = 1.53 kg m ! Ans 
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10-103. Determine the moment of inertia of the wheel 
about the x' axis that passes through point O. The material 
has a specific weight of y = 90 Ib/ft '. 


k 0.25 ft 


\íass Momettt of Inertia About an Axis Through Point G: Thc mass 
moment of incrtia of each disk about an axis passing through the center 

of mass can be determine using (Ic,), = -»/r 2 . Applying Hq. 10-16, 
we have 

Ì(ì = Y.(Iq)ì + 

+ JtnO25^25H90)j (l2) | 

= 118.25 slug • fr 

Mass Moment of Inertia About an Axis Through Point O: The mass 
of the wheel is 

7r(2.5 2 )(I )(90) 7r(2 2 )<0.75)(90) 4 f^(0.25 2 )(0.25)(90) 1 

"’=-3Ï2-322- 4 [-322-J 

= 27.989 slug 

Using the result ìc, = 118.25 slug ■ ft 2 and applying Eq. 10-16, 
we have 

h> = l<; + "«l 1 

= 118.25 + 27.989(2.5*) 

293 slug tr Ans 
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10-106. Determine the moment of inertia l z of the 
frustrum of the cone which has a conical depression. Tlie 
material has a density of 200 hg/m 3 . 


Mcut Momcnt of Intrtia About i Axis : From similir Irúngle». 

1 = z+ 1 z = o 333 m . Themass moraemof inertia of e*chcone»boutz 

0.2 0.8 ' 

3 2 

axis can be determine using 4 = -rrmr . 


I' =I(4) ' = ( °-8 2 ) (1333)(200) ](°- 82 ) 

-±[1(0.2 2 ) (0.333)(200)j(0.2 2 ) 

( 0 ‘ 22 ) (0 - 6)( 2° 0) ](°- 21 ) 

= 34.2 kg m 2 Aiu 








10-107. The slender rods have a weight of 3 Ib/ft. 
Determine the moment of inertia of the assembly about an 
axis perpendicular to the page and passing through point A 





*10-108. The pendulum consists of a plate having a 
weight of 12 Ib and a slender rod having a weight of 4 lb. 
Determine the radius of gyration of the pendulum about 
an axis perpendicular to the page and passing through 
ooint O ° 6 


4, = Eio + md 2 


C 4.917 slug- ft 2 

■(5Î2)*(è)'°' 4M ’** 


T r, 3 ft - 


l, JE. Jï2ÎI»3.15fl 
fc’Vm V 0.4969 
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10-109. Determine íhe moment of inertia of the over- 20 
hung crank about the r axis. The material is steel havtng 
a density of p — 7.85 Mg/m’. L 


Let « — mass of one handle. 


m — p{nr*h) 


= (7.85 x 10 3 )nr(0.010) 2 (0.050) 


= 0.1233 kg 


Let M = mass of bar. 


M = p(ahc) 

= (7.85 x I0 3 )(0.03)(0.18)(0.02) 




For ihe assemblv. 


= 2 Qmr 2 + md 2 ^ + j^M(<r + ir) 

■- 2 ’ (0.12t.?)(0.0l0) 2 + ( 0.1233) ( 0 . 060 ) 'j 


+ — (0.8478)1(0.030)- + (0.I8)-| 


: 3.23 x 10-’ kg m : 



10-110. Determine the moment of inertia of the over- 20 mm 
hung crank about the x' axis. The materiai is steel having I 
a density of p — 7.85 Mg/m J . 


Fioill 10-109. m = 0.1233 kg. M = 0.8478 kg. and 
/, = 3.25 x 10- 3 kg-in - -. 

/,=/,+ (2m + ,M)i/ ! 

= 3.25 x 10 ! +(2(0.1233)+ 0.8478R0.060) 2 
= 7.20 x ur ' kg - m 2 
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10-111. Determine the location of y of the center of 
mass G of the assembly and then calculate the moment 
of inertia about an axis perpendicular to the page and 
passing through G. The block has a mass of 3 kg and the 
mass of the semicylinder is 5 kg. 


Locaiiort of Ctníroid : 


*10-112. The pendulum consists of two slender rods AB 
and OC which have a mass of 3 kg/m. The thin plate has 
a mass of 12 kg/m : . Determine the location v ot' the 
center of mass G of the pendulum. then calculate the 
moment of inertia of the pendulum about an axis 
perpendicular to the page and passing through G. 


U :. ■ ” ' / ■' '' • < . -1- 

V V aoomn, J 


Iým 350(3)+ 115.12(5) 


= 203.20 mm =* 203 mm 


Mass Moment of Ìnertia About an Axis Through Point G : Thc mass 
moment of ìnertia of a rectangular bloclc and a semicylinder about an axis passmg 
through the center of mass perpendicular to thc page can be detcrmine using 

l'Ac = y; m ( aí + fc2 ) and (4>c = =0 - 3199m '' 2 

respectively. Applying Eq. 10- 16, we have 


4.ÇLD0) 

37f " VT1 5 00 




>c = )c, +m A 2 

= [±O)(0.ï+0A') + 3{0.im')] 

+ [0.3199(5)(0.2 J ) +5 ( 0.08808 2 )] 


= 0.230 kg m 



—0.4 m—-0.4 m— 



ŷ = t-3(3)(0.75) + y(0.3) 2 (12)(1.8) - ir(0.1)»(l2)(i,g) 
1.5(3) + <r(0.3)>(12) - >r(0.1)J(12) + 0.8(3) 

~ 0.8878 ro = 0.888 ra Ans 


>o = y ^( 0 . 8 )( 3 )( 0 . 8 ) ! + 0 . 8 ( 3 )( 0 . 8878) 2 
1 , 

+ yy ( 1 ' 5 )( 3 )( 1 - 5 ) + 1 . 5 ( 3 )( 0.75 - 0 . 8878) 2 

+ ^ f 71 (°- 3 > 2 ( 12 )( 0 . 3) 2 + £? r ( 0 . 3 ) 2 ( 12 ) ]( 1.8 — 0 . 8878) 2 
1 , 

- -fír(O.l) (12)(0.1) 2 - [n(0.1) 2 (12)J( 1.8 - 0 . 8878) 2 


l 0 = 5.61 kg m 2 
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10-113. Determine the moment of inertia of the beam's 
cross-sectional area about the x axis which passes through 
the eentroid C. 


V ' k 

2 / 60° 


d 60 ° 

2 

J_fJJ 


Moment of Inertia : Thc moment of inertia about the x axis for the composite 
beam’ s cross secnon can be determined using the parallel - axis theorem 


.-[^MOO+o] 

+ 4 ^ (0.2887</) + ^ (0.28874) ^ 


= 0.0954^ 



^ î 

QlòZldL 


ò-lffiltL 


10-114. Determine the moment of inertia of the beam s 
cross-sectional area about the y axis which passes through 
the centroid C. 


Moment of Inertia : The raoment of inertia aboutyaxis for the composite 
beam s cross section can be determined using thc parallel - axis theorera 

l,=Z(f,+Adì)'. 

',=[Sï<<Hd’)+oj 

+ 2 [ ^ (</)(0 - 2887 ^ , + [ (d) (0.2887 d) (0.3962(0 J j 
= 0.187(í" Ab « 




7 I a/z T <t/i '7 
020670 
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*10-118. Determine the moment of ìnertia of the 
shaded area about the y axis. 


Diffirential Element: Here, v = - ( 4 -x 1 ) The area of the differential 
element parallel to the> axii i s dA - ydx = -(4-x 2 )íìx. 

Moment of Inertia : Applying Eq. 10-1 and performing the integration, we 
have 


/, =^x 2 tf4 = i| ^x J (4-x 2 )dx 


■ï[r’-r’]l 

= 2.13 ft* 


~T -—— 

i ft 

í / 

4v = 4 -. 

X \ 


*- 2 ft- ] 

f 

x_ 

ift 


1 

-i h-áA. ì ' 

^ ift 

íft ^ 


10-119. Determine the moment of inertia of the shaded 
area about the x axis. 



4v = 4 -x 2 


Differential Element: Here, y = ^(4-x 2 ) .Theareaof thedifferential 

element parallel to the y axis is x£4 = ydx . The moment of inertia of this 
differenáal clement about the x axis is 

dl x = dl x . +dAŷ 2 

= jjidxìy' +ydx(ï^ 

= — ( -x‘ + 12x* - 48x 2 + 64) dx 
192' ' 


Moment of inertia : Perfonning îhc integranon, wc have 

4 = í àl, = ( -x‘ + 12x 4 - 4SU 2 4 64) dx 

1 ( 1 , 12 , , h.î» 

=- — x +— x’-l&x’ + 64x 

192 W î /I -2f. 

= 0.610 ft 4 An* 


677 


www.usacingenieria.blogspot.com 


*10-120. Determine the moment of inertia of the area 
about the .r axis. Then. using the parallel-axìs theorem, 
find the moment of inertia about the x' axis that passes 
through the centroid C of the area. y = 120 mm. 


200 


Differential Element: Here, x = flOQy*. The aret of the differenóil 
element parailel to the x axis is dA = Ixdy = 2/200 y*dy . 

Moment of Inertia : Applytng Eq. 10-1 and performing the integraúon. we 
have 


I. = Í A y r àA = f °°""> 2 (2/2ÔÔy ! ^ ) 

, - fl T\.200«* 

= 914.29(l0‘) mm 4 =914(l0‘) mm 4 Ans 
The moment of inerda about the x' axis can be determined using thc parallel — 

. «200mn ^_ , 

axrs theorcm. The area is A = j dA = j iJÏÔÔy'dy = 53.33( 10 3 ) mm 2 
I, = I X .+Adf 

914.29(l0‘) = ì t . +53.33( 10 1 ) ( 120 2 ) 

4* “ I46( 10 6 ) mm 4 Ans 
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10-122. Determine the product of inertia of the shaded 
area with respect to the x and v axes. 



DifferentialElement: Heie. x = y3. The areaof the differentiai element 
parallel to the r axis is dA —xdv — y*dy. The coordinates ot the 

x | i 

centroid for this element are v = - = - y 3. v = y. Then the product 
of inertia for this element i. 


(H , y = d l x y 4-dA xỳ 


r() + ( V 3 </v) 




= - v 5 d v 
2 ' 


Product of lnertia Pertorming the integration. we have 
/, k — / df x ,- = f ìy3rfv = — v31 = 0.1875 m 4 Ans 

' J - Ju y ' 16 ' lo 


ŷ)j/ ; V 
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11-1. llse the melhod of virtual work to determine the 
tensions in cable AC .The lamp weighs 10 lb. 



Free Bodj Diagram : The tension in cable AC can be detertraned by reteasmg 
cable/tc. Thesystem has only one degreeof freedom defined by die independent 
coordinate 9. When 9 undergoes a positive displacement 59, only V AC *nd the 
weight of larap (10 lb force) do work. 

Virtual Displacements : Force Fac and 10 Ib force are located from the ftxed 
point B using posiúon coordinates y A and x A . 

x A = lc os 9 Sx A = -lsii\ 6Ô9 [ 1] 

y A = ls\n 9 Sy A = Jcos 969 [2] 

Virtual - Work Equation : When y A and x A undergo positive viruial 
displacements Sy A and Sx A , the 10 Ib force and horizontal coraponcnt of F AC> 
F aC cqs 30° do positive woric while the verúcal componenl of F* c , F AC sin 30° 
does neganve work. 

«5t/ = 0; \0Sy A -F AC sin30°6y A + F aC cos 10°Sx A =0 (3] 

Subsdtuting Eqs.(l] and [2] into [3] yieids 

(lOcos 0-O.5/^ c cos 9- 0.8660/^ c sin 9)189 = 0 


Since 169 *■ 0, then 


0.5cos 0+O.866Osin 9 




*IOIb 


At the equilibrium posibon 9 = 45®, 


lOcos 45° 

’ 0.5cos 45° + 0.8660sin 45° 


= 7.32 lb 
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11-2. The uniform rod OA has a weight ot 10 Ib. When 
the rott is in vertical position. 0 — O', the spring is un- 
stretched. Determine the angle 0 for equilibrium if the end 
of the spring wraps around the periphery ot ttie disk as 
the disk turns. 

b'ree Hnd\ Diagram: The system has only one degree of treedom 
defined bv the independent citordinate d Witen 0 undergties a posítive 
displaeement 50, only tlte spring force and the iveight of rod (10 lb 
force) do work. 

Virlual Displacements: The 10 Ib force is located from the tìxed point 
B using the position cootditiate v w , and the viitual displaeement oí 
point C is 6\\ . 

y fi = 1 cos 0 hvg ~ — sin ObV i 11 

Sx,- = 0.560 121 

Virtual — \Vork Equation: When points B and C undergo posìtive 
virtual displacements Syu and f.v, . lhc 10 Ib lorce and the spring 
force b, r . do positive work. 

SU = 0: l(M.v, + F„.Sxc = 0 13) 

Subsiituting lìqs 111 and |2| into |3| yiclds 

t-IOsin fl+0 5C,,,)«/ = 0 |4| 

However, from the spring fotmula, F„, = kx = 30(0. 5W) = 15«. 
Substituting this value into ISq. |4| yields 

( —lOsin 0 + 7.5 0) Sfí = 0 

Sìnce Sfí \d 0. then 

- lOsin fí +7.50 = 0 


11-3. Detenníne the force F acting on the cord which is 
required lo maintain equilibrium of the horizontal 10-kg 
bar AB. Hint: Express the total constant verticaì iength I 
of the cord in terms of position coordinates .ï| and ,)+. The 
derivative of ihis equation yields a relationship between 
Si and S 2 . 


Free-—Body Diagram: Only force F and the weight of link AB (98.1 N) 
do work. 

Virtual Displacements: Force F and the weight of link AB (98.1 N) 
are Uvated from the top of the lixed 1ink using position coordinates 
,y 2 and s i- sSince the eord has a constant length. /. then 

4.V, — A ‘2 = / 4á.V( - á.y 2 = 0 m 

Virtual —- Work Equation: When .v, and v 2 undergo positive viitual 
displacements <5.vi and ív 2 , the weight ot link AB (98.1 N) and force 
F do positive work and negative work, respectively. 

SU = 0; 98. l(-5vi) - F(-Ss 2 ) = 0 [2J 

Substituting into Eq. (2j into 111 yields 

(-98.1 +4 F) 5v, = 0 

Since Ssì ± 0, then 

-98.1 +4F = 0 

F = 24.5 N Ans 





/'Ỳ 

y/e' 

'* /\ 


/ 


/ 

o 



yB \ 80 - 
0.5 ft ' 


Solving by trial and error 
0 = 0° and 0 = 73.1° 




10(9.81) ~ 98.1 N 
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11-4. Eaeh metnber of the pin-conneeted meehanism has 
a mass of 8 kg. If the spring is unstretched when t> = 0“. 
determine the angle 0 for equilibrium. Set k = 2500 N/m 
and M = 50 N-m. 

V; — 0.l5sin^ 

v ’ = 0.3 sirs 0 

5v, = O.l5eos0S0 

•— 0.3 cos ffStì 

W = 0; 2t7*.4«Wvi + 78.48ív : - f : íy< + StM» = <> 

12(78.48hO.Iscos«) + 78.48(0.3cosfl) - f'ilO.àcosd) + 50|íf( = 0 
47.088cosO - f<(0.3cos0) + 50 = 0 
F, = 25(K)(0.3sin«) = 750sin(/ 

47.088COSÍ/ - 112.5 sin 2« + 50 = (I 
Solvtng. 0 = 27.4° 
or w = 72.7° 


Ans 

Ans 



11-5. Each mentber of the pin-connected mechanism Iiìls 
a mass <>f 8 kg. lf Ihe spring is unstretched when 0 = 0°, 
determine the reqnired stiffness k so that the mechanism 
ìs in equilibrium when 0 = 30°. Set M = 0. 

v, = O.lSsiní). v; = 0.3 sinfl 
rSy i = O.JScosírôfJ. dvs = 0.3 con fiSO 
ÒU = 0; 2(78.48)/Syi 4- 78.48ív : - F 2 Sy 2 = 0 

12(78.48)«). 15costf) + 78.48(0.3 co$0) - F:(O.3cos0)j<M = 0 
0 = 30'; F 2 = k( 0.3 sin 30°) = 0. i 5 k 



2(78.48)((). 15 cos 30 ) + 78.48(0.3 cos 30°) 
- 0.15/r(0.3cos 30°) =0 
k = i .05 kN/m 



11-6. The crankshaft is subjected to a torque of Aí = 
50 N nt. Determine the horizontal compressive force F 
applied to the piston for equilibrium when 8 = 60°. 

(0.4)" = (O.l) 2 + .r 2 - 2(0.1 )(a)(cos()) 

0 = 0 + 2A<5.r + 0.2.V sin 060 — 0.2 coì> O&x 
6U = 0; —5050 - F6x = 0 

For 0 = 60'. r = 0.4405 m 

6x = —0.0976950 
(-50 + 0.09769/050 = 0 
F = 512 N 



Ans 
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11-7. The crankshaft is subjected to a torque of 
M = 50 N • m. Determine the horizontal compressive 
force F and plot the result of F (ordinate) versus 8 
(abscissa) for 0°<#< 90°. 
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*U-8. Dctermine the force developed ìn the spring 
requìred to keep the 10 Ib uniform rod AB in equilibrium 
whcn 0 = 35". 


Free ■ Body Diagram : Thc systcm has only one degrce of freedom defrned b> 
the mdependent coordinale 9. When 9 undergoes a posidve displacement 89, 
only the spnng force F, p , the weight of the rod( 10 lb) and the 10 lb • ft couple 

moment do work. 

Vinual Displacements : The spring force and the weight of the rod 
(10 ib) are located from the futed pointA using positìon coordinates jc.and 
x c . respecdvely. 

x 3 = 6cos 9 6x b = -6sin 969 [11 

y c = 3sin 9 6y c = 3cos 969 [21 

Vinual ■ Work Equaiion : When points B and C undergo positive vinual 
dtsplacements &r s and 6y c , the spring force F , p and the weightof therod 
(10 lb) do neganve work. The 10 Ib ft couple moment does neganve work 
whcn rod AB undergoes a posidve virtual rotarion 69. 

8U = 0; — F, p ôx B - 105y c -1059 = 0 [3] 

Subsotudng Eqs.fl] and (21 into (3) yields 

(6/>,sin 9-30cos 9-10)59 = 0 [4] 


k = 15 lh/ft 


M = lOlhfl 





X, X 




Since 89 * 0, then 


6F lf s in 9- 30cos 9-10 = 0 
30cos9+10 
F " = 6sin 9 


At the equilibnum posidon, 9 = 35°. Then 


30008 35°+10 lnnlu 

F„ --- 10.0 Ib 

" 6sin 35° 
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11-9. Dcterminc thc angics 0 for equiíibntim of the 4-lb 
disk using using thc principle of ihc virtuai work. Neglect 
the weight of the rod. Thc spring is unstrctched when 0 = 

0° and alvvays remains in thc vcrtical position due to the 
rolier guidc 

Fr*t Body Diagram : Thc systcm has only onc degree of freedom dcfincd by 
the independcm coordinatc 6. Whcn 9 undcrgocs a positivc dispUcemcnt 5B, 
only the spnng forcc F, p and the wcight of thc disk (4 Ib) do work. 

Virtual Displacements : Thespnng forc t F tp and thc wcighlof thedisk 
(4 !b) are locatcd from the ftxed point B using posidon coordinaícs y c and y Á , 
rcspectivcly. 



y c — Ism © 5y c = cos 056 [lj 

y A - 3sin Q Sy A = 3cos 956 [2] 

Viriual ■ Work Equation : When points C and A undcrgo posirivc virtual 
displaccments 5y c and Sy A , the spnng forcc F tp docs ncgarive work whilc the 
wcightof thcdisk (4 Ib) do posiuve work. 


r à fc 

^ _ ^ 


SU = 0; 4Sy Á -F, p Sy c =0 




Subsritunng Eqs.[l] and (2) into [3] yields 

( 12- F tp ) cos 656 = 0 

Howcvcr, from thc spnng formula. F tp = kx = 50( Isin 6) = 50 sin 9. 
Subsrituung this valuc into Eq. [4] yjelds 


Since 66 * 0. thcn 


(12 — 50sin 6)cos 656 = 0 


12 - 50sin 0 = 0 6= 13.9° 


cos 6 = 0 6 = 90° 


11-10. íf each of the three links of the mechanism has 
a weight of 20 ib. determine the angle 9 for equilibrium 
of the spring. vvhich. due to the roller guide, always 
remains horizontal and is unstretched when 0 = 0°. 


u- - 4 ft ■ 


k = 50 Ib/ft // 2 ft L 6 


x = 2 sin0, Sx - 2 cos 6 56 

y< = 2cos0, áy, — — 2 sin 0 80 

y 2 - 4 cosfl, Sy 2 = -4 sin 9 56 





F t = kAx = 50(2 sin^) = lOOsintf 

5£/ = 0: -205y 2 — 2(2X)Sy t ) — F,Sx = 0 

[20(4 sinS) + 2(20)(2sin9) - F,(2 cos6)]Se =0 

[160sin9 - 200sinecos9[59 = O 

F, = k (4 cos 9 - 4 cos45°) 

Hence, sin9 =0; 9 = 0” Au 


00,6 = 2ÔÔ : B=369 ° 


685 




www.usacingenieria.blogspot.com 


11-11. When 0 — 20°. the 50-lb uniform bl<x:k com- 
presses the two vertical springs 4 in. If the uniform links 
AB and CD each weigh 10 lb, determine the magnitude of 
the applied couple moments \1 needed to maintain equi- 
libriunt when 0 = 20°. 


Free tìody Diagram: The system has oniy one degree ol' lreedom 
dctìned by íhe independenl coordinate 0. When 0 undergoes a posilive 
displacement only the spring ibrces F sp , the weight of the block 
(50 lb). the weights ot' the iinks (10 lb) and the couple moment M do 
work. 

Virtual Displacements: The spring forces F sp , the vveight of the block 
(50 Ib) and the vveight of the links (10 Ib) are located froni the lìxed 
point C using position coordinates yy.yi and yj respectively. 

v ;1 = I + 4 cos 0 $ys = -4 sin 080 (11 

Vt = 0.5 + 4cos 0 8\‘2 = —4sin 080 |2] 

yi = 2cos 0 8 y\ = — 2sin 080 [3] 

Virtual — \\ork Equation: When y\ , y 2 and undergo positive vìrtual 
displacements <5>*|. 8 yj and 8 y$. the spring forces F íf) , the weight of the 
block (50 lb) and the weights of the links (10 Ib) do negative vvork. 
The couple moment M does negative work when the links undergo a 
positíve virtual rotation 80. 

SU = 0; - 2 F sp 8 y> - 50 8y 2 - 20 Sy } - 2 M80 = 0 ]4| 

Substituting Hqs. (I), (2] and (3| into (4| yields 

(8 F fp sin 0 + 240sin 0 - 2M) 80 = 0 
Since 80 0, then 

8 F xp sin 0 + 240 sin 0 - 2M = 0 
M = sin 0(AF sp + 120) 

At the equilibrium positíon 0 = 20 u . F ip = kx = 2(4) = 8 Ib. 

M = sin 20°(4(8) + 1201 = 52.0 lb • ft Ans 


The spring is unstretched when 0 = 0°. If P — 
8 lb, determine the angle 0 for equilibrium. Due to the 
roller guide, the spring always remains vertical. Neglect 
the weight of the links. 


yi =2 sinO, áyi = 2 cos 0 80 
y 2 =4 siné> + 4. íy ’2 = 4 cos 0 80 
F_ s = 50(2 sinO) = 100 sin() 

8U = 0 ; -F s 8y\ +P8y 2 = 0 
— 100sin(H2cos# 80) + R{4cm0 80) = 0 
Assume (-) < 90°, so cos (-) 0. 

200 sin^ = 32 
0 = 9.21* Ans 
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11-13. The thin rod of weight W rest against the smooth 

wall and floor. Determine the magnitude of force P 
needed to hold it in equilìbrium for a given angle 8. 


Frtt Body Diagram : The sysiem has only one degree of freedom dcfined by 
ihe independem coordinue 6. When 8 undergoes a posidve displuement 86, 
only die weight of the rod W and force P do work. 

Virtual Displacemcnts : The weight of the rod IV and force P are located 
from the futed potnts A and B using position coordinates y c and x A . respectìvel) 

/ / 

y c = -stn 0 $y c = -cos 956 [ 1] 

x a ~ /cos 6 Sx A = -Isin ese [2J 

Virtuai - Work Equaiion .* When points C and Aundcrgo positive vîrtual 
displacements 5y c and Sx t , the wetght of the rod W and force F do negative 
work. 





SU- 0; -W5y c -P5y t = 0 


Subsdtuung Eqs.[l| and [2] into [3] yields 


Since 58 * 0, then 


( Wl \ 

Písin 8- —cos 8 = 0 


Wl 

Plsìn 8 -—cos 8 = 0 
2 
W 

P = yCOt 8 






The 4-ft members of the mechanism are pin- 
connected at their centers. lf vertical forces P\ = P 2 = 30 lb 
act at C and E as shown, determine the angle 8 for 
equilibrium. The spring is unstretched when 8 = 45°. 
Neglect the weight of the members. 



y * 4sin0, X = 4cos 6 
Ôy =4cos0 Ô0, Sx = -4sinfi 60 
6U = 0- - F,6x - 30 Óy - 30 Sy = 0 

[~.F,(-4sin0) - 6O(4cos0)]50 = 0 


r. ®ÛS 0 

F. = 60(-) 

sinO ’ 


Slnce F t = t(4cos« - 4cos45") = 200(4cose - 4cos45“) 
tSOcos» = «00(cose - cos45°)iine 
«infl - 0.707tanfl - 0.075 = 0 



16.6° Ana 
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11-15. The spring has an unstretched length of 0 3 m. 
Determine the angle 0 for equilibrium if the unitorm links 
each have a mass of 5 kg. 

Free Body Diagram: The systcm has only one degree of freedom 
defmed by the indcpendent coadimte 6. When 0 undergoes a posmve 
displacement Si), only the spring force F v and the weights of the hnks 
(49.05 N) do work. 

Vulual Displacements: The position of points B. D and G are measu- 
red froni the ftxed point A using position coordinates x„. x D and 
respectlvely. 

= o. \ sin I) Sx B = 0.1 cos OHO 1 1 1 

= 2(0.7 sin 0) - 0.1 sín 0=1 .3 sin $ Sx D = 1.3 cos 0S0 1-1 

y G = 0.35cos 0 Sya = —0.35sin 0S9 I 3 1 

Virtual—Work Equation: When points B. D and G undergo posi- 
tìve virtual displacements Sx B .Sx D and byc, , the spríng force F, p 
that acts at point B does positive work while the spring force F, p 
that acts at point D and the weight of link AC and CE (49.05 N) do 
negaiive work. 

SU =0: 49.05Sv ( ;) + F,,,iSx B - Sx D ) = 0 Hl 

Substituting hqs. |1). [2] and )3) into (4) yields 

(34.335 sin 6 - 1.2F,,,cos 0) S0 = 0 I 5 I 

However. from the spring fomtula. F, r = kx = 400| 2(0.6 sinO) - 
0.3| = 48Osin0 - 120. Substituting this value into Eq. 151 yields 

(34.335sin — 576sin dcos « + 144cos 0) St)=0 

Since Sft j 1 0, then 

34.335 sintf - 576 sin dcos fl + 144eos 0 = 0 

e = 15.5' Ans 

and 0 = 85.4' Ans 



5(9.81) = 49.05 N/ 

J 


5(9.811 = 49.05 N 


1 1 F sp F sp 


ru&a 

IT 

x l.i 

1 

x l) 

Sx„ 



* 11-16. Determine the force F needed to lift the block 
having a weighl of 100 lb. Hint: Note that the coordinates 
,ta and s D can be related to the constant vertical length / 
of the cord. 

I = .ï,i + 2.V/i 

5.V., = —2 Fvfl 

SU = 0; WSs B + Fá.v., = 0 

lOOÍ.vj + F(—25.v'fi) = 0 
F = 50 Ib Ans 
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11-17. The machine shovvn is used for forming metaì 
plates. It consists of tvvo toggles ABC and DEF , vvhich 
are operated by hydraulic cyiinder BE. The toggles push 
the moveable bar FC forward, pressing the piate p into 
the cavity. If the force vvhich the piate exerts on the head is 
P = 8 kN, determine the force F in the hydrauîic cylinder 
when 0 = 30°. 



Free Body Dìagram: The system hjs only one degree of freedom 
defined by the independent coordinate 0. When 0 undergoes a positive 
displacemcnt 80, onlv the forces F and P do work. 

Virtual Displacements: The force F acting on joints E and B and force 
P are hx;ated from the fixed points D and A using position coordinates 
> 7 ; and \fí. respectively. The location for force P is measured from 
the fixed point A using position c<x»rdinate .v ( ;. 


v £ = 0.2 sin 0 Sy, : = 0.2 cos 080 

Y/i =0.2sin 0 Sya = 0.2 cos 050 

r r , = 2(0.2 cos 0) + I á.v í; = -0.4 sin 080 


m 

1 . 2 ] 

(3| 


Virtual—Work Equation: When points E. B and G undergo positive 
virtual displacements <$>•£, Syn and 8.xc,, force F and P do nega- 
tive work. 


D x 

./) v 

4 






50 

V» ' 



8U = 0; - F8y E - F8y B - f>8x r , = 0 [4| 

Substituting Eqs. 11], [2] and [3| into (41 yields 

(0.4P sin 0 - 0.4F cos 0) 80 = () 

Since 80 ± 0. then 

0.4 P sin 0 — 0.4Fcos 0=0 F = P tan 0 
At equilibiium position 0 = 30° set P = 8 kN, we have 
F = 8 taji 30° = 4.62 kN Ans 
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11-18. The vent plate is supported at R by a pin. If it 
wetghs 15 Ib and has a center of gravitv at G, determine 
the stiffness k of the spring so that the plate remains in 
equilihrium at 0 = 50°. The spring is unstretched when 
(I - 0 ° 


Free Budy Diagrum : Ihe sy.stem has only one degree of freedom defined by 
the ìndependent coordinate 8. When tì undergoes a positive djsplacement Stì, 
only the spnng force F sp and the weight of the vent plate (15 lb force) do work. 

Virtual Displacements : The weight of the vent plate (15 lb force) ts located 
from the fixed point B using the posttion coordinate y c . The horizontal and 
vertical position of the spnng force F sp are measured from the fixed point B using 
ihe position coordinates x A and y A , respectively. 


y G = 0.5cos 9 

Sy G 

= -0.5sin 9Ô9 

m 

y A = lcos 9 

Sy A 

= —sin 986 

[2] 

x A = lsin 6 

S+x 

— cos 989 

[3] 


\irtual- Work Equation : When y c , y A and x A undergo positivc virtual 
displacemcnfs Sy G , Sy A and ôx A , the weight of the vent plate (15 lb force), 
honzontal contponent of F sp , F lp cos ip and vertical component of F sp , F sp sin tp 
do negalivc work. 


SU = 0: ~F sp cos s Sx A - F, p sin ipSy A - lSSy n = 0 

Substituting Eqs. [1 1. [2] and [3| into |4[ yields 


14] 


( ~F, P «>s tìcos <P + F, p sin Ssin tp + 7.5sin tì) 58 = 0 
( -F, P cos(8+tp) + 7.5sin 8)58= 0 


Since 59 * 0, thcn 


—F sp cos (8+tp)+ 7.5sin 8 = 0 


F *r 


7.5sin 9 
cos (9 + <p) 


At equilibrium position 8= 30°, Ihe angle tp = tan~' ^ 


lcos 30° 
4+ lsin30° 


10.89° 


7.5sin 30° 

,p ~ cos(30°+ 10.89°) = 4961 ' b 






Spring Formula : From the geometry, the spring stretches 
x ~ y'4 2 + l 2 -2(4)(l)cos 120°- -Jd 1 + l 2 = 0,4595 ft. 

F , p =kx 

4.961 = k (0.4595) 
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11-19. The scissors jack supports a load P. Determine 
the axial force in the screw necessary for equilibrium 
when the jack is in the position 6. Each of the four !inks 
has a length L and is pin-connected at its center. Points 
B and D can move horizontally. 


x — L cos 6, 


Sx = - L sin 6 60 
Sy =2tcos9 S6 


SU = 0; - pgy - FSx = 0 

-P{2L cosfl se ) - FI-LúxlS S6) =0 
F = 2P cote Au 



y, = 300 sin^ - 375 sinÔ 

♦11-20. Determine the mass of A and B required to 

hold the 400-g desk lamp in balance for any angles 0 y 2 = 25 sinfl + 75 smi> - 75 sin0 = 75 sin* 
and (/>. Neglect the weight of the mechanism and the 


size of the lamp. 


75 mm \ 



y 3 = 75 sin0 
Diapl*ccmcnt50 (onJy) 
Sy x = -375 cos 9 S$ 


Sy y * 75 cos0 6$ 




SU = 0; WSy x - W Á Sy 2 + W B Sy y = 0 

W (-375 cos $ S0) - 0 + %(75 cos6 60) = 0 


375 375 

W B = — W = -~(0.4)(9.81) = 19.62 N 


19.62 „ 

m » = w = 2 k * 


Displacement00 (only) 
Sy, = 300 cosp fifi 


Sy 2 = 75 cos p ÓQ 


SU = 0; Wíy, - W t Sy , + W,Sy, = 0 

W(300 cosp Sp) - W Á (15 cosp SS) + 0= 0 


300 „ 300 

"'a - = — (0.4)(9.81) = 15.70 N 


15.70 

= TîT = 1(50 ** An ' 
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11-21. 'ITie piston C moves vertically between the two 
smooth walls. If the spring has a stiffness of k = 1.5 kN/m 
and is unstretched when 0 = 0", determine the couple M 
that must be applied to link AR to hold the mechanism 
in equilibrium; f) = 30°■ 


0.4 m /ỳ/ \ M 



k- I .SkN/m 


Free Body Diagram : The system has only one degree of freedom defined by the 
independem coordinate 9. When 9 undergoes a positive displacement 89, only the 
spiing force F t . and couple moment M do work. 

Virtual Displacements : The spring force F ip is located from the fixed poim A 
using the posioon coordinatey c . Using the law ofcosines 

0.6 ! =y^ + 0.4 ! -2(y c )(0.4)cose [1] 

Differendaâng ihe above expression, we have 

0 = 2y c 5y c -0.85> c cosS + 0.8)' (; sin 8S8 
0.8y c sin 8 

8y c ~ 89 [2] 

0.8cos 6- 2y c 

Virtual - Work Equaiion : Wben point C undergoes a positive virtual displacement 
8y c , the spring foroe F tp docs positive work. Thecoupie moment M does positive 
work when Unk A5 undcrgoes a positive virtual rotadon 89. 


8U = 0; F 8y c +M89 = 0 


Substituting Eq.(1] into [2] yields 


Since 89 * 0, then 


0.8y c sin 9 
i. 8cos 9 - 2y c * 


0.8y c sin 9 

Q-gy c »ina 

0.8cos 8-2y c ‘ r 




Ai the equilìbrium posicion, 8 = 30°. Subsnumng into Eq.[l], ' 


0.6 ! = y ! + 0.4 2 - 2(y c ) ( 0.4) cos 30° 


y c = 0.9121 m 


The spring sinacbes jc = 1 - 0.9121 = 0.08790 m. Then íie spnng foree is F, p = tr 
= 1500(0.08790) = 131.86 N. SubstìtuQng the above resuhs into Eq. [4], we have 


Af = - — 

[o. 


0.8(0.9121) ain 30° 
8cos 30°-2(0.9121) 


1.86 = 42.5 N ■ m 
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11-22. The crankshaft is subjected to a torque of M ~ 
50 Ib • ft. Determine the vertical compressive force F 
appiied to the piston for equiiibrium when 0 ~ 60°. 


Free Body Diagram: The systeni hus onlv one degree of freedoni 
defined by the independent coordinate 0. When 0 undergoes a posi- 
tive displacemeni 60, only the force F and couple inoment M do 
work. 

Virtual Displacements: Force F is iocated from the fixed p<ìint A using 
ihe positional c<H>rdinate Using the law of cosines. 

5 2 = y 2 - + 3‘ - 2( v r )(3)cos(90 : - 0) [ 1) 

However, cos(90" - 0) = sin (>. Then Hq. [ 11 beconies 25 = y£ + 9 - 
6y c - sin 0. Difl'erentiating this cxprcssion, wc havc 

0 = 2y c 6yc - 6 6y c sinft - 6y c cos 060 

6 v< cos 


6yc 


2y<- - 6 sin 0 


-60 


( 2 | 


Virtual—Work Equation: When point C undcrgoes a positive virtual 
displacement Sy c , force F does negative work. The couple moment M 
does positive work when link AB undergoes a positive virtual rotation 
60. 


5U = 0; -FSyc + MSQ = 0 
Substituting Eq. |2[ into |3| yields 
6yc cos 0 


13] 


/ 6vc 
V 2v f - 


6sin 0 


F + M 


jíîfl = c 


Since 60 ^ 0, then 
6y< cos 0 


2>c — 6sin 0 

2 yc — 6 sin 0 


F + M = 0 


F = 


6 y c cos 0 


14} 




5 in./ 


90 


At the equilibrium position, 0 = 60°. Substituling into Fq. |l), we 
have 

5 2 = y c + 3 2 - 2(>(•)(3) cos 30' 
yc = 7.368 in. 

Substiluting the abovc rcsults ínto Eq. [4| and setting M = 50 lb • t't, 
we huve 

= r2C736K L: in71 m = 2 „ Ans 

[ 6(7.368) aw 60° J 
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11-23. The assembly is used for exercise. It consist of 
four pin-connected hars. each of length /., and a spring of 
stiffness k and unstretchcd length a (<2 L). If horizontal 
forces P and -P are applied to the handles so that ft is 
slovvly decreased. determine the angle 0 at which the 
magnitude of P becomcs a maximum. 


F '“ *° dy Diagram •' ' n “ his only one degret of frredon. defined by 

the independent coondma^ 8 . When 8 undcrgoes a posmve doplacement 86 
the spnng force F lp and force P do woric. 

VmUa! : n.e spnng force F lf and force P are located 

from the ftxed pom, Dand A ming poamon coordmtues yandx, respecovely. 

y = Uosd Sy^-LsineSd nJ 

x = Lsin Q Sx - Lcos 6SQ ^2] 

Virtual. Work Eçuation : When points A, C. B and Dundergo positìve 
spnng force ^ and force P do nTgadve 

ít/ = 0; — 2F lf 8y - IPSx = 0 [3 , 

Substìtutmg Eqs.HJ and [2] into [3] yields 

( 2F lp sin 0 — 2Fcos 0) L86 = 0 [4] 

foTT g Stre,ehes x = 2icos0 ^^n. thc spring 
' p (2icosfl-a) = 2kLcos9-ka Substìtutìng this value into 

Eq í4] yields 


(4kLsm Scos S-2iosin 0-2Pcos 8)L86 = 0 


Since L88 * 0, then 


4iisin 0cos 8 - Ziasin 8-2Pcos 8 = 0 
P — k(2Lsin 8 — auin 8) 


In order to obtain maximum P __ n 

■ d8 


dP 

^ =*(2icosS-asec J e) =0 
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♦11-24. Determine the weight W of the crate if the 
angle 0 - 45", The springs are unstretched when 0 = 60°. 
NegJect the weights of the members. 


Potential Punction : Thc dattum is established ai poirn A. Since the center of 
gravity of thc crmte is beiow the datum, its potendal energy is negadve. Here, 
y = (4sin 8+ 2sin 8) = 6sin 8 ft and the spring stretches x - 2(2sin 8-2sin 30°) 
= (4sin 8-2) ft 



= -kx‘-Wy 

1 , 

= -(3)(4sin 8-2) -W(6sin 8) 

- 24sin 2 8-24sin 8-6lVsin 8 + 6 


Equilibrium Potition : ’lìte system is in equilibnum if -— — 0. 

dd 


— =48sin 8cos 8+24cos 8+6H'cos 8 = 0 [ 

At equilibrium posidon, 8 = 45°. Subsdtudng this value into Eq. [!}, we have 
48sin 45'cos 45° + 24cos 45“-6tVcos 45° = 0 




W = 1.66 Ib 
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11-25. Rods AB and BC have i centeijof mass located 
at their midpoints. If all contacting surfaces are smooth 
and BC has a mass of 100 kg, determine the appropriate 
mass of AB required for equilibrium. 






-vnf'i.ei) 


x = 1.25 cos0; 3 — jc = 2.5 cosô 
3-1.25 cos <p = 2.5 cos 6 
1.25 sin0 8<p = -2.5 sin0 86 


0.75 1.5 „ 

1.25(- )8<p = -2.5 (—)86 

' 1.25' 2.5' 


0.75 8<p = -1.5 86 
8<j> = -86 


1.25 

yi = (—) sin0 


y 2 = 1.25 sin0 
5y! = 0.625 cos <p 8<p 
Sy 2 = 1.25 cosô 86 

8U = 0; -m(9.81)áy! - 981<5y 2 = 0 

-m(9.81)(0.625 cos 0 8<p ) - 981( 1.25 cosO 86) = 0 


-m(9.81)(0.625)(—|—)(-2ô0) - 981(1.25)(^-)Í0 = 0 


[m(9.81) — 981] 50 = 0 
m = 100 kg Ans 


11-26. If the potential function for a conservative one- 
degree-of-freedom system is V = (8jt 3 - 2.v 2 - 10) J, 
where x is given in meters, determine the positions for 
equilibrium and investigate the stability at each of these 
positions. 

v = fa’ - ll 7 - 10 

<ÍV , 

— = 24v - 4* = 0 
dx 

(24x - 4)x = 0 

x = 0 and x = 0.167 m 

Ans 


d 2 V 

— = 48x - 4 
dx 1 



d}V 

x - 0. - = -4< 0 Unstable 

dX 2 

Ans 


d 2 V 

x = 0.167 m, — = 4 > 0 Suble 

dx ! 

Ans 
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11-27. If the potential function for a conservative one- 
degree-of-freedom system is V = (12 sin 20 + 15 cos 6) J, 
where 0 ° < 6 < 180°, determine the positions for 
equilibrium and investigate the stability at each of these 
positions. 


V = 12sin20 + 15cos0 
dV 

— = 0; 24cos20 - 15sin0 = 0 

dO 

24(l-2sin“0) - 15sin0 = 0 

48sin 2 6 + 15sin0 - 24 = 0 

Choosing the angle 0“ < 8 < 180° 

9 = 34.6° Ans 

and 

0 = 145 ° Ans 

d 2 V _ 


= -48sin20 - 15cos0 


and 


tì = co.s _l 0 

= 90“ 

Stability : 

d 2 V 

tì = 38.7°, 

d 2 V 

7Ô 2 

o 

II 

05 

d 2 V 

dO 2 ' 

0 = 90°, 

d 2 V 
dÔ 2 ~ 


= —4Ocos20 — 25sin0 


= — 24.4 < 0, Unstable 


= —24.4 < 0, Unstable 


= 15 > 0, 


0 = 34.6°, 


= -57.2 < 0 Unstable 


d 2 V 

0 = 145°. - = 57.2 > 0 

d6 2 


♦ 11 - 28 . If the potential function for a conservative one- 
degree-of-freedom system is V = {10 cos 20 + 25 sin 0 ) J 
where 0 G < 0 < 180°, determine the positions for 
equilibrium and investigate the stability at each of these 
positions. 


V = IOcos20 + 25sin0 
For equilibnum : 
dV 

— = -2Osin20 + 25cos0 = 0 
da 

(--4Osin0 + 25) cos0 = 0 


0 = sin ’(—) = 38.7“ and 141° 
40 
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ïïee of f “ nCtÌOn for 3 cons ^vative tvvo- 

aegree-of-freedom system is V = (9v 2 + is r 2\ t u . hrt 

r and - v are S iven in meters, determine the equiiibrium 
position and mvestigate the stability at this position. 


V = 9y 2 + L8x 2 


dv 

— = 36x = 0; x = 0 


dV 

- = 18> = 0; V = 0 

(0,0) is a posilion for cquilibrium Ans 
<?V 3*V 

+ = 36 + 18 = 54 > ° 

yv, a*v 

W “ ( ÂT ) ( 4T> = 0_ 36(18) = -648 < 0 


11-.30. Ihe sprmg ol the scale has an unstretched lcnglh 
of a. Determine the anglc 0 for equilibrium when a weight 
W is supportcd on the plalform. Neglect the weight of the 
membcrs. What value W would be required to kcep the 
scale in neutral equilibrium whcn 0 = 0°? 

Fotmtlal Functlon : Thc datum is cstabiishcd at pouit A. Since thc wcight 
IV is above the duum. its potendal cnergy is posilive. From the geometry, the 
spring strctches i = ILsin 0 and y = 2Zcos 0. 

v=v, + v t 
1 , 

= -kx l + Wy 
1 . 

= -(*)(2íjin 0) ! +W(2Lcos 0) 

= 2Jkí. ! sin J 0+2WLcos 0 


dV 

Equilibrium Position : Thc systcra is in equilibrium if — = 0. 

d$ 


Soiving, 


dV 2 

= 4kL sin Bcos 9 - 2WUm 0 = 0 
d$ 

dV 

— = 2kL 2 sin ie~2WUm 0 = 0 
du 


0 = 0° or 


0 = cos“‘ 



Ans 


rfl y 

Stabilitj : To have ncutrai equilibriura ai 0 = 0°,- = 0. 

d& *-o* 


— = 4kL ! cos 20-2WLcos 0 


d 2 V 

dS* *-o* 


= 4kL 2 cos 0° - 2WLcos 0° = 0 


W = 2kL 


Ans 



a . J 
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* 11-32. The two bars each have a weight of 8 Ib. 
Determine the angle 0 for the equilibrium and investigate 
the stability at the equilibrium position.The spring has an 
unstretched length of 1 ft. 


Potential Functton : The damm is establúhed u point A. Since the center of 
gravity of the bars are beiow the darum. their potential energy ú negative. Here, 
y, = lcos 0 ft, y 2 = 2cos 9+ lcos B = 3cos B ft and the spring sueiches 
x = 2(2cos B) - 1 = (4cos 8- 1) ft. 


8 \2 h 


8 2 ft 


v = v. + v t 

= ifcr : -£Wy 

= ì(30)(4cos 6- l) 2 -8(lcos 0)-8(3cos 8 ) 
= 240005*0-152cos 0+15 


OV A 

Equilibrium Position : The system is in equilibriuro if — = 0 


Stability : 


— s -480sin 0cos 0+ 152sin 0 = 0 
iB 

iV 

— = -240stn 20+ 152sin 0 = 0 


0 = 0° or 0 = 71.54° = 71.5° 


V N 
' if 6lb 



d 2 V 

-= -480cos 20+ 152cos 0 

Jff 2 


- = -480cos 0° + 152cos 0° = -328 < 0 

dd 2 a-o* 


Thus, thc syslcra is in unstable equHibríum al 0 = 0° 


— I = -480cos 143° +152cos 71.54° = 431.87 >0 

d&’ ' Í-7J.54* 

Thus, thc systcra is in stable equilibríum ai 0 = 71.54° t 
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11-33. The truck has a mass of 20 Mg and a mass center 

at G. Determine the steepest grade 0 along which it can 
park without overturning and investigate the stability in 
this position. 

Potential Function : The daium ú esabtúhed al point A. Since the center of 
gravity for the truclc u above the datum, its poeendal energy is posiúve. Here, 
y = (1.5sin 8+ 3.5cos 0) m. 

V= V t = Wy = tV(I.5sin 9+3.5cos 8) 



Equilibrium PosUion : The system is in equilibrìum if — = 0 

dd 


Since W * 0, 


; = tV(1.5cos 9- 3.5sin 8) = 0 

1.5cos 9-3.5sin 9 = 0 
9 = 23.20“ = 23.2“ 


Stability 


fv 

dd 1 #-11.20’ 


= W(-1.5sin9-3Jcos 8) 


= W(-1.5sin 23.20“ — 3.5cos 23.20“) = -3.81 W < 0 


Thus. the truclc is in unstable equilibríum at 8 = 23.2“ 




11-34. The bar supports a weight of W = 500 lb at its 
end. If the springs are originally unstretched when the bar 
is vertical, determine the required stiffness k x = ki = k 
of the springs so that the bar is in neutral equilibrium 
when it is vertical. 


* . 3 ft 

Mi 


y = 9 cos9 


V = 500(9cos9) + jt(3sin0) J + ifcfôsin©) 2 


V = 4500 cos 0 + t(22.5sin 3 0) 


— = -45OOsin0 + A:(22.5sin20) 
dff 

„ , 4V 

R'O'are. = °: -45OOsin0 + t(45 sin0cos0) = 0 


8inÔ = 0; 0=0° 


= -4500 cos 9 + *(45cos20) 


Ncutral equilibrftim rcquircs * 0 




-45OOcos0 + *(45cos20) = 0 


When 0 = 0“, -4500 + 45* = 0 


* = 100 lb/ft Ans 
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11-35. The cylinder is made of two materials such that it 
has a mass of m and a center of gravity at point G. Show 
that vvhen G lies above the centroid C of the eylinder, the 
equilibrium is unstable. 


Potential Function: The datum is establíshed at point /t. Since the 
center ot gravity of the cvlinder is above the datum, its potential energy 
is positive. Here, y = r -f t/eostf. 

V = V K = W'v = rnq(r + d COS 0) 

Equilibrium Position: The systeni is in euuilibrium if = () 

JO 

JV 

— = -niiid sin 0 = 0 
J(t 

sin^ = () tí=0'\ 

Stability: 

d 2 V 

jjc = -myd cos 0 


d-V 

~JÔ 2 


= —myd cos 0° = —mgd < 0 


Thus. the cylinder is in unstable equilibrium at 0 = 0 ; ’ ( Q.E.D .) 


* 11-36. Determine the angle 9 for equilibrium and in- 
vestigate the stability at this position. The bars each have 
a niass of 3 kg and the suspended block D has a mass of 
7 kg. Cord DC has a total length of I m. 


/ = 500 mm 
Vj = ^ sint/ 

,V 2 — / + 2/(1 -costf) =/(3 -2cosí>) 
V' = 2 VV v, - W„v 2 

= IV/ sinf) - W„/(3 - 2cos0) 
dV 

— = /(Wcos(/ - 2tV„ sinO) = 0 


tan# = 


= 0.2143 


W _ 3(9.81) 

2W n ~ 14(9.81) 

0 = 12.r 

J 2 V 

= K-W sin 0 - 2 W D cos fi ) 



Ans 


0 = 12 . 1 °. 


J 2 V 

dïP 


- 0.5(—3(9.81) sin 12.1'' - 14(9.81 )cos 12.T 3 | 


= -70.2 < 0 





Unstable 


Ans 
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11-37. The cup has a hemispherical bottom and a mass 
m. Determine the position h of the center of mass G so 
that the cup is in neutral equilibrium. 


Potential Function: Thc cìatuni is cstablishcd at point . Since thc 
ccnter ol" gravity of the cup is above the dutum, its potential energy is 
positive. Here, y = r — h cos 0. 

V = V g = Wy = mg(r — h cos 0) 

.. tiV 

Equitibrium Position: The system is in equilibrium it — = 0. 
d\' 

— = mtth sin 0 = 0 
d8 

sin0 = 0 0 = 0°. 

, 0 í/ 2 V| . 

Stability: To have neutral equilibrium at 0 = 0 . —y [ = 0. 


d 2 V 

JO 2 


= m%li cos 0 


d 2 V 

d & 2 


= mgh cos 


0 ° =0 




Note: Stable Equilibrium occurs 
( d 2 V | 

h > 01 —y = mgh cos 0 

\ dO^ 



h =0 


Ans 


11-38. If each of the three links of the mechanism has 
a weight VK. determine the angle 0 for equilibrium. The 
spring, which always remains vertical, is unstretched when 
0 = 0 " 

yi = a sintf 5>| = a cos 0 50 
\>2 = 2 a + a sin 0 <Sy: = a cos 0 50 
yy = 2u + 2a ùnt) 5y$ = 2 a eos 0 50 
F x = ka sin 0 


F : 




5U = 0; fVV - F, )8yi + W8y 2 + W8y% = 0 

{W — ka sin 01« cos 0 80 + Wa cos 0 80 + W (2 u) cos 0 80 = 0 

Assume 0 < 90°, so cosfl + 0. 

4 VV — ka sin^ = 0 
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11-39. If the unifomi rod OA has a mass of 12 kg, deter- 
mine the mass m that will hold the rod in equilibrium 
when 6 = 30°. Point C is coincident with B when OA is 
horizontal. Neglect the síze of the pulley at B. 

Geometry: Using the law of cosines, 

U‘8 = \'\ 2 + 3 : - 2(J)(3)cos(90° — 0) s v'ÏÔ - 6sin 0 
Iau = 'J l 2 + 3 2 = >/TÔ m 

I — ^ab — 1.\b — v'TÔ — v'l 0 — 6sin 0 

Potential Function: The datum is established at point O. Since the 
center of gravity of the rod and the b!ock are above the datum, their 
potcntial energy is positive. 

Here. yj = 3 — / = [3 — (vTÔ — VlO — 6 sin6») j m and y> = 0.5 sin 0 m. 
V = V s = IV, vj + W 2 y 2 

= 9.81 m[3 - (VÎÏÏ- i /10 — 6siné>)J + ] 17.72(0.5sinS) 

= 2Í> .43 m - 9.81 m(v/TÔ- V10-6sin9) + 58.86sin 0 
Fquilibrium Position : The system is in equilibrium if 

‘ /v| = 0 . 

íiiijtf 


dO 


(tv 

M =- 9ítlm 


I-i' 


I 


icos^)j - 


(10-6 sin O) 2 ( _6cos 0) | + 58.86 cos 9 
29.43 m cos 9 

+ 58.86 cosO 


VIO — 6 sin 9 
At 0 = 30°. 

<jV_\ = 29.43w cos 30° 

L#ii:3tr VÏ 0 — 6 sin 30 c 

m = 5.29 kg 


+ 58.86 cos 30° = 0 


Ans 


*Il-40. The uniform right circular cone having a mass 
m is suspended from the cord as shown. Determine the 
angle $ at which it hangs froni the wall for equilibrium. 
Is the cone in stable equilibrium'? 


v = ~['Ŷ çml> + J si " J m x 

dv ( 3« . U \ 

M ~ ( —ysin»+ -cosflj = 0 


3 siníỳ = 0.5 cos 9 
tanfl = 0.1667 
0 = 9.46* 


Ans 


d-V 

(W 


( ~ a , « \ 

" y ~ — cos 9 - — sin ^ 1 i/ig 







0 = 9.46 c 


Stubíe 


d 2 V 

' Tff- 


■ 1.52« mg > 0 
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11 - 41 . The homogeneons cylinder has a conical cavity 
cut into its base as shown. Determine the depth d of the 
cavity so that the cylinder balances on the pivot and 
remains in neutral equilibrium. 


d ■ 



50 mm —| 


ZŷV _ 1 Si*S0)H 150) - j(ì»D(50 Ŷd 
î ’ Hv = *(50) J ( 150) - %n(S0) 7 d 


11250 - £ 
y " = 150 - 4 


y = (ý - d) COS0 

V = (ŷ - <f)cos0(HO 

— = - W(ŷ - d) sin» = 0 
dfl 

g = 0° (cquìUbrium position) 

íï = -W(ŷ - d)cos9 = 0 
dfl 2 

At 9 = 0°, ŷ = d 

d 1 d 1 

11250 - — = 150 4 - — 

0.25 d 1 - 1504+ 11250 = 0 
i = 512.1 n > 150 mm (N.G!) 



d = 87.9 mm Ans 


705 




www.usacingenieria.blogspot.com 

11-42. A homogcneous block rests on top of the 
cylindriccil surfaee. Oerive the reiationship between the 
rathus of the eylinder. r. and the dimension of the 
bioek. />, lor stahle equilibrium. Uinv. Estahlish the 
potential energy funetion for a small angle fí. i.e.. 
approximate sin 0 ~ <r. and cos 11 ~ 1 - (i/2. 


h h 



PoitntiaJ Function : The damm u established ai poim O. Since tfie center of 
gravity for the bloclc ts above the damm. its potcnoal energy ij posinve. Here, 

y ~ ( r+ ^ )c° s tf+itfstn 8 


v - w , ~ H/ (((''+-jcos e + rôsin sj 
ForsmallangleS. stn 8 - 6 ind cos 8 - 1 - ~. Then Eq.(l) becomes 

'="NKM 


m 


- w (& b 

- w — -+ r+ - 

12 4 2 


Equilibrium Porùion : The system is m equdibrium ,f — 


d8 


r* I 

rf\; | 



z — 



í l ^ 

% 

— p*+um ■ 


dV ( b\ 

3i = T"2 ) s = 0 ® = 


0 ° 


StabilUy : To have stable equdibriura , — >0. 

dff 2 9- 0* 


d 2 V 

!<P 9.0' 




= W r-- >0 


(-!)> 

b<lr 


Ans 
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11-43. iTie homogcneous cone has a conical cavity cut 
into it as shown. Dctermine the depth of d of the cavity 
in terms of /i so that the cone balances on the pivot and 
remains in neutral equilibrium. 


i t 

-rcr‘h — m‘d 
3 3 


Mh-d) 4 


Pottntial Function : The damm is established at potnt A. Since the center of 
gravity of the cone is above the datum, its potendal energy is posinve. Here, 

y -(ŷ-d) cos Ô = j^(/i + </)-djcos 9 = ^(h-3d)cos 9. 

V - j (h - 3 d) cos ôjcos 9 = — ^ » cos 6 


Equilibrium Position : The system is in equilibrium if — = 0 

dd 


dV W(h-ld) 


0=0 0 = 0 • 






Stability : To have neutrai equilibrium at 0 = 0°,- =0 

dffl l(.0' 

d 2 V W(h-ìd) 


d 2 V 

d& i.o- 


W(h-3d) 


cosO 0 = 0 




W(h-ìd) 


Note : By substituting d = - into Eq.[ 1), one realizes that the fulcnim must be at 
the center of gravity for neutral equilibrium. 
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*ll-44. The triangular block of weight W rests nn .h» 
smooth corners whìch are a distance lapan. Ff t he bi 



AF = AD sin<p = ADsin(60°-9) 


sina sin60° 


AD = -(sin(60° + 0)) 

sin60° 


AF = -(sin(60° + d))sin(60° - 9) 

sin60° 


rr* 


-(0.75cos 2 6 - 0.25 sin 2 B) 


— = W(-0.5774<í) sind-~(-1.5sin0cos0 - 0.5 sinflcosfl) = 0 

dd sin60 


Requirc, sin0 = 0 0 = 0° Ans 


and - 0.5774 d -(-2cos0) = 0 

sinóO 0 


d 

= cos ( —) 
4tì 


11-45. Two uniform bars, each having a weight W, are 
pin-connected at their ends. If they are placed over a 
smooth cylindrical surface, show that the angle 6 for 
equilibrium must satisfy the equation cos 6/sin 3 9 = a!2r. 



v = 2W(rcscfl - - COS0) 
2 


— = 2W(-r cscOcotO + -sm») = o 


, cos 0 a 

r (“' . -) = - sin 6 
sin 2 9 2 



708 




www.usacingenieria.blogspot.com 


11.4*. ITie uniform links AH and HC cach weigh 2 Ih 
and the cylinder weighs 20 Ib. Octerminc thc horizontal 
force P required to hoid thc mcchanism in the position 
when 0 = 45'\ The spring has an unstretched lcngth of 
h in. 


Free Body Diagram : Thc systcm has only onc degrcc of frcedom defmcd by 
the independem coordinate Q. Whcn 6 undergocs a positive displacement 56, 
only the spnng forcc F Jf> , thc vveight of linics (2 Ib). 20 Ib force and forcc P do 
work. 

Virtual Displacements : The positions of points B, D and C are measurcd 
from the ftxed poim A using position coordinates y B , y D and x c rcspecdveiy. 


y B = lOsin Q 

Sy, 

- lOcos QSQ 

m 

y D = 5sin Q 

Sy D 

- 5cos QSQ 

[2] 

x c = 2( IOcos Q) 

Sx c 

= -20sm QSQ 

[3] 


Virtual- Work Equation : When points B, D and C undcrgo posidve 
virtual displacements Sy B , Sy D zr\d Ôx c , spring force F, p that acts at point C. 
thc weight of hnks (2 lb) and 20 lb force do negadve work whik forcc P does 
posidvc work. 


SU = 0-, - F„ 5x c - 2(2Sy a ) -205>, + PSx c = 0 [4] 

Subsdaióng Eqs.[l), (2] índ [3] imo [4] yields 

(20íï,sme-20ftin 8-220cose)<5e = 0 [5] 

Howcver, from Ihespring fonoula, F lf = kx = 2[2( lOcose) -6] 

= 40cos e- 12. Subsbtunng this value into Hq.[5] yields 

(800sin ecos e- 240sin 6- 220cos e-20ftin 6)58 = 0 

Since 80 # 0, Ihen 

800sin ecos e-240sin 0 - 220cos e-20ftin 0 = 0 
/ > = 40cose-llcote-12 

Ai the equilibrium posiáon, 8 = 45°. Then 

P~ 40cos 45° - 1 lcot45° - 12 = 5.28 Ib Ans 


, R v 
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M^saQlhBeB^lMfiB^ifo , he mechanism has an 
unstretched length when 9 = 90°. Determine the posi- 
tion 9 for equilibrium and investigate the stability of the 
mechantsm at this position. Disk A is pin-connected to the 
trame at B and has a weight of 20 lb. Neglect the weieht 
of the bars. 



Poteníial Function: The datum is established at point C. Since the 
center of gravity of the disk is be!ow the datum, its potential enerey is 
negative. Here, y = 2(1.25cose) = 2.5 cosé) ft and the spring com- 
presses i = (2.5 - 2.5 sin 6») ft. 


V 7 = V, + V, 


= -kx 2 - Wy 


= -(16)(2.5 - 2.5 sinS) 2 -20(2.5cose) 

= 50sin 2 9 - lOOsintf ~5Ocos0 + 50 

Equilibrium Position: The system is in equilibrium if — — o 

de 

dv 

-jg = I00sin6cosé> - lOOcosé> + 5Osin0 = 0 

dV 

= 50sin 26 - 100 cos @ + 50 sin 0 = 0 
Solving by trial and error, 

6 = 37.77° = 37.8° Ans 
Stability: 

d 2 V 

— = IOOcos26>+ 100sine + 50cos6> 

d 2 V | 

-Jŷï | 9=37 7r = 100 cos 75.54° + 100 sin 37.77° + 50 cos 37.77° 
= 125.7 > 0 

Thus, the system is in stable equilibrium at S = 37.8° Ans 
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*ll-48. The toggle joint is subjected to the load P. * = 2Z.cos0 

Determine the compressive force F ìt creates on the 

cylinder at A as a function of 6. Sx = -2Ln 



\ 9 


— 1 

+/ Tr 


a ÈÌBiÌ 

J 1 


Si = -2L Sine 56 

y = Lsind 

Sy - L cos $ S6 

5U = 0; -PSy - F5x = 0 

-PLcosB 56 - F(-2Lsm6)Se = 0 

— Pcos 6 + 2Fsine = 0 



11-49. The umform beam AB weighs 100 Ib. If both springs 
DE and BC are unstretched when 6 = 90°, determine Ihe 
angle d for equilibrium using the principle of potential 
energy. Investigate the stability at the equilibrium position. 
Both springs always act in the horizontal position because 
of the roller guides at C and E. 



Potential Function : The damm is established ai point A. Since the center of 
gravtty of dte beara is above the danjm, its potendal cnergy is posidve. Here, 
y = (3sin 6) (l the spnng uD stretches x D = (2cos 8 ) ftand thespring aiB 
compieeses x = (6cos 8) ft. 

VnV.+rV, 

= litr : + lVy 

1 2 1 2 
= -(24)(2cos er + -(48)(6cos 8) 2 + 100(3sin 8) 

= 9 ì 2cos : 9 + 300sin 8 


Equilibrium Posiíion : Thc system is in equilibrium if — = 0. 

dd 


— = -1824sin 6cos ô + 300cos 0 = 0 
d6 


Solving, 

Stability ; 


— = -912sin 20+ 300cos 0 = 0 
d9 


0 = 90° or 0 = 9.467° = 9.47° 





— = -I824cos 28- 300sin 8 

J 2 V I 

tfp] =-1824cos 180°- 300sin 90° = 1524 > 0 

Thus, Ihe system is in stable equilibrium at 8 = 90° 

d}V | 

d&\».s 4S; . = -1824C0S 18.933°-300sin 9.467° =-1774.7 < 0 


Thus, the system is in uns table equilíbrium at 8 = 9.47° 
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pos, t iondue t othero1ler S, remaÌnS ' n ' h6 



y = 4 sin0 
Sy = 4 cos 6 60 
F t = 5(4-4sin©) 

SU = 0; -10í> + F'Sy = 0 


[-10 + 20( 1 - sin0)](4cos0 Sff) = 0 
cosO =0 and 10-20 sinB = 0 
8 = 90° e = 30° Ans 


11-51. Solve Prob. 11 -5« using ihe principle of potemial 

the? y i - n , vestlgate the s,abili ‘y of the bar when it is in 
the equilibnurîì position. 



y ~ 4sin0 

v = 10(4sin0) + ^(5)(4-4sin0) J 
dV 

— = 40cosfl + 5(4-4sine)(-4cos9) 


n ■ dv 

Rcqmrc, — = 0 

dv 

40COSÍ) - 20(4-4sin0)cos0 = 0 
cosO = 0 or 40 - 80(1-sinO) 

0 = 90°, or e = 30° Ans 
d 1 V 


= 0 


- 40sin0 + 5(4-4sin0)(4sin0) + 5(-4cos0)(-4cose) 

d'V 

= -^OsinO + 80(1 -sin0)sin0 + 80cos ! 0 
d 2 V 

e ~ 900 ’ H&ì ~ < 0 Unstablc Ans 

Stable Ans 


(PV 

30°. ^=60>0 
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*ll-52. 'Ilie punch press consists of the ram R, connecting 
rod AB. and a flywheel. If a torque of M = 50 N • m is 
applied to the flywheel. determine the force F applied at the 
ram to hold the rod in the position 6 = 60°. 


Frte Body Diagram : The system has only onedegree of freedotn defined by the 
indepCTident coordinate 8. When 8 undergoes > pos.dve dUplacement SB, only 
force F and 50 N m couple momem do wort 

Vmuol Dìsplacements : The foroe F is locaied from the fixed pointd usrng the 
posmon coordtnate . Usmg the law of costnes. 


042 + O.l 2 -2(x,,)(0.1)cos 8 

Di/ferennahng the above expression. we have 

0 = 2e A Sx A ~0.26 x a cosff+O.lXj sin 668 
r 0.2x. sin 8 

^°ô 2 aV's r" 


m 


[ 2 ] 


FtríB<d. Work Equation : When pointA undergoes posidve vinual displacetnent 
dx . force F does negattve wort: The 50 N m couple motnent does mg M ve work 
w en the fiywheel undergoes a posirive viraial rotation 69. 


6U -0-, 

Substmmng Et).[2] into (3] ytelds 


-F6x a -5069 = 0 


13) 


Since 69 jt 0, then 


(- 


0.2x^ sin 8 
0.2cos 9- 2x a 

__02i*sin8 

0.2cos 8-2x a 

30(0.2cos 8-2x a ) 

0,2x. sin 8 


c - 50^ <5 8 = ( 


■F- 50 = 0 


F= — 


At the oquilibrium position, 8 = 60«. Subsntutirg mto Eq.fl]. wehave 




O .* 2 =x 2 Á + 0 . 1 2 - 2 ( x ^ )(0.1)cos 60° 
= 0.4405 m 


[4] 

Subsnturing the above results into Eq. [4], we have 

0.2cos 60«- 2(0.44< 
0.2(0.4405) sin 60° 


£._ 50[0.2cos 60“-2(0.4405)1 
f -- 512 N 


Ans 
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